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INTRODUCTION

1.0 PURPOSE AND SCOPE

This Spacecraft Design Specification Book will provide a single source
of information about Ranger Lunar Spacecraft for all missions after the
fifth (RA-5), and will serve as a design tool and control document de-
fining the system in general terms. It will be used to establish the design

of systems, subsystems, and the over-all spacecraft; in the dissemina-
tion of design changes to all persons concerned. Each segment of infor-
mation in the book shall be firm, to the extent possible, at the time of
publication. This book will not include information other than Spacecraft

flight equipment. The use of the word mission refers to a single launch-
ing. This book shall start with mission P-53 (previously referred to as
RA-6). Specifications currently being generated are covering P-53, 54,
55: and 56 (RA-6, 7, 8, and 9); they are referred to as follow-on speci-
fications.

These follow-on specifications are designated with the prefix RL. The
basic spacecraft is standard and changes to the functional specifications

describing it are expected to be few and minor. Each different mission
will, however, result in certain functional specifications applicable to

that mission only. Wherever possible, functional specifications applicable
to the basic spacecraft shall be written so as to minimize possible changes
to them because of differences in use or particular mission.
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1.1

1.2

1.3

Each book shah consist of four principal sections:

1) Introduction

2) Mission Objectives and Design Criteria

3) Design Characteristics and Restraints

4) Functional Specification

Mission Objectives and Design Criteria

This section provides ground rules, guidelines, and a definition of the

general design philosophy; it also establishes an order of priority among
competing criteria. The material will include only design criteria that
have been established at least on a preliminary basis, rather than a dis-
cussion of alternate methods. This section will not contain information

on results of detail design planning or scheduling. This section will be
the responsibility of the Program Office.

Design Characteristics and Restraints

In general, this section explains how the design objectives will be met.
All design restraints will be covered in this section, such as those result-

ing from the vehicle, packaging, environment, and scientific experiments.
It is essentially a picture of the current spacecraft design, in sufficient
detail so that functions of the systems and subsystems can be identified.
Sections 2 and 3 of the book will provide an orderly progression for the
preparation of the functional specifications of Section 4. Section 3 will
also include general operational and configuration descriptions, sequences,
and performance characteristics. Section 3 will be the responsibility of
the Systems Division and will not include information on scheduling, test
plans, or design mechanization.

Functional Specifications

The functional specifications describe what the systems and subsystems
are intended to do, in general terms, including all functions and inter-

actions. They contain system and subsystem block diagrams, provide
applicable transfer functions, describe the intended sequence of functions
in operation of the spacecraft, allocate units of variance for error sources,
and delineate system and subsystem boundaries in sufficient detail so that
identification with cognizant design groups can be made and interface con-
trol malntatned. Fm-_cttonal specifications should _ written in en__n_eer-
trig language for each system and subsystem and each must perform the
following:

a. Define the boundaries of the system or subsystem.

b. Describe the functions that the system or subsystem performs.

c. Set the limits or tolerances within which the system or sub-
system must perform.

d. Identify the input and output interaction elements so that the

associated systems and subsystems can be designed.
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The functional specifications will contain no information on schedules,
test plans, detail component design, environmental suitability or quali-
fication, or quality control. These functional specifications will be pre-
pared by the cognizant groups in each area and reviewed by the Systems
Division for compatibility before incorporation in the book.

Specification Designation.

a. RL Specifications. RL Specifications apply to all Ranger

Lunar follow-on missions; they shall contain basic, standard,
and general engineering information pertinent to mission
P-53 on.

b. Upgrading Specifications. RL specifications may be upgraded

by change letters as "Change A". The "A" follows the full
specification number in the normal manner. A change in an
RL specification for a particular mission only, shall require
a separate specification with a new number.

1.4.2 Ranger Functional Specifications will use a 3 - group coding as follows:

eg:

Code group 1 2 3

Spec. number RL 4 110

Code Group i.

Code Group 2.

Code Group 3.

In code group 1 (RL) designates Ranger Lunar
follow-on specification.

Code group 2 identifies that particular section

of the specification book in which the specifica-
tion should be inserted. Section 4, for example,
indicates the "functional specification section".

This three-digit group serves two purposes, identi-

fying the specification by JPL divisions and by spec-
ification number. The first digit of the group repre-
sents the JPL organizational division responsible
whe re:

1 -- Systems Division

2 = Space Science

3 _ Telecommunications

4 -- Guidance and Control

5 = Engineering Mechanics

6 _ Propulsion

The last two digits indicate the

3
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2.0

specification number, starting at 10 and increasing
in increments of 10 for each system, and in units for
each subsystem. Thus, the number 110 indicates the
specification is the responsibility of the Systems Divi-
sion and is the first such specification in that divi-
sion's series. The next specification that is a sub-

system of 110 would be numbered 111, etc. The next
system specification would be 120, then 130, etc.

Additional Copies

Additional copies of individual specifications contained in this book may
be ordered by specification number from the Internal Distribution Center
(IDC).

Specification Changes.

Any changes to the Spacecraft Design Specification shall be requested in

writing, to the Spacecraft Project Engineer, and supported by sufficient
engineering justification.
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MISSION OBJECTIVES AND DESIGN CRITERIA

RANGER P-53 THROUGH P-56 SPACECRAFT

(RA-6 through RA-9)

1.0

1.1

1.2

1.3

2.0

2.1

INTRODUCTION

The primary purpose of Ranger flights 6 through 9 is to obtain high-
resolution lunar surface pictures. To meet this objective it is in-

tended to exploit the launch vehicle, spacecraft, and ground systems
developed in the first five flights, together with a TV subsystem
using components developed in other programs.

It will be a design objective to minimize changes to the basic spacecraft
bus, relative to the RA-345 configuration, and the design shall include
provisions for utilizing the RA-5 bus for a TV flight if required.

In addition to scientific exploitation of the TV pictures, other scien-

tific experiments, selected to have a bearing on the problems of
manned flight to the moon, will be carried on a basis of noninter-

ference with the TV mission. A radio ranging experiment will be
incorporated on like basis in flights 8 and 9.

Mission Objectives

Flights 6 through 9 are planned as repeated attempts at a single main
objective; namely the obtaining of TV pictures of the lunar surface,
with definition sufficient to aid in design of manned lunar vehicles,
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3.1.2

at a date early enough to be effective in said design, and preferably
at locations on the Moon near the intended point of manned landing.
Other experiments that can and should be carried must not divert

attention from this primary goal.

Design Criteria

Design criteria applicable to the spacecraft bus and TV subsystem
for Ranger flights 6, 7, 8, and 9 are described in the following sub-
paragraphs.

Spacecraft bus criteria.

Changes relative to the RA-345 bus configuration are to be made
only as required to accommodate the TV package with a simple

interface, to permit the incorporation of the noninterfering experi-
ments, or to incorporate mandatory engineering change orders result-
ing from RA-345 experience. All changes not previously covered by
ECR must be requested by ECR. Wherever possible, JPL preferred
parts must be used on all new units introduced on, and unique to,
RA 6, 7, 8, and 9.

Competing characteristics shall be treated in the following order:

a. Reliability of subsystems in order of importance as shown:

1) Terminal-phase TV transmission.

2) TV system failure-detection telemetry.

3) Impact location determination.

4) Terminal-phase orientation and attitude stabilization.

5) Bus functions prior to terminal phase (separation,
stabilization, midcourse maneuver, etc. ) as checked
out in previous flights.

6) Bus failure-detection telemetry.

7) Passenger experiments and associated data handling
systems.

b. Compatibility of TV package and bus.

c. Schedule.

d. Suitability of designs and documentation for continued exploita-
tion of Ranger after flight 9, using minimum JPL effort.

e. Cost.

f. Biological sterility.

2
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3.1.4

Defined Characteristics.

a. Weight. The gross weight of the spacecraft is not listed above

as a competing characteristic because its value will be fixed by
available vehicle performance and the trajectory chosen. The
desired approach to the weight problem is to try to minimize
weight of each component and then abandon plans to fly some
components if necessary to reduce the total weight. If the space-
craft, with all desired components, is underweight, the per-
formance excess will normally be taken in terms of an altered
trajectory or increased propellant residuals to obtain higher re-
liability and/or greater accuracy of injection. Ballast will nor-
really not be used except if required for balancing the space-
craft. The weight allowance for the TV subsystem has been
fixed at 315 pounds. (Refer to Functional Specification Design
Parameters. )

be Effect on Agena B Stage. It is a general spacecraft design cri-
terion that changes required on the Agena B relative to a standard,
contemporary Air Force vehicle shall be held to the absolute mini-
mum necessary to achieve the mission. Reliability, cost, and
schedule assurance are all involved in this decision; therefore,
it is a most important constraint.

Experimental Philosophy Affecting Design.

a. Environmental control prior to final mating with vehicle on
launcher. The spacecraft and its components shall not be sub-

jected to environments beyond flight-acceptance levels and the
burden of protection shall be on operators and facilities rather
than on the spacecraft itself. Clean, air-conditioned working
areas, special handling fixtures, air transport, electrical over-
load protection, and other such measures external to the space-
craft shall be used to the extent practical, and the spacecraft
design shall be based primarily on environments expected from
the time of final mating onward through launching and flight.

Biological sterility shall be achieved by external measures where
possible, so that the adverse effect of the sterility requirement
on equipment design, reliability and schedule is minimized.

be Operating Condition at Launch. A list of contingencies will be

prepared, under--_'^_ _,,,_o ,,on h,_ _o_ehed. in advance of

the event, as to policy on holding, scrubbing, or launching with
known inoperative components. In general, the design criterion
should be that successful flight depends mainly on functional re-
liability of the subsystems from the end of hangar checkout on-
ward, rather than on instrumentation, control, and correction of
deficiencies in the spacecraft after mating with the launch vehicle.
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Atlas-Agena B operations require that the spacecraft func-
tion unattended for many hours before a shoot, and also for

an hour or more after a late hold or scrub. During this
period, instrumentation beyond normal telemetry and essen-
tial power-system controls is undesirable. Operating pro-
cedures will restrict on-pad testing to tests of a system-
verification nature. Subsystems must be designed to hold
calibration and must be completely checked and calibrated
before leaving the hangar.

In-flight Failure Detection. In keeping with the main objec-
tives of these firings, failure detection is desired on the
basic functional systems. However, since the number of
modes of failure exceeds the number of measurements avail-

able, an artful programming of the failure-detection system
will be required to obtain unambiguous, reliable data, pre-
ferably from redundant sources, on vital elements without

losing entirely the chance of detecting failures in less im-
portant (and possibly less reliable) elements. As a general
criterion, the quality of failure detection available should

more or less parallel the importance of the subsystems as
given in paragraph 3.1.2 above.

Function After In-flight Failure. After a successful injec-
tion and separation of the spacecraft, omnidirectional track-

ing capability is required (within practical limits).

Every subsystem in the spacecraft depends on others for its

function and, therefore, the question of flight function after
failure arises. The general design criterion is that no sub-
system is required to function after failures of subsystems
on which it depends, except insofar as can be achieved with-

out complicating the design or diverting effort from the main
objectives of the flight.

In the event that the spacecraft is injected and functioning,
but not on a trajectory that will take it to the Moon, the

experiment becomes another long-life, long-range test of
the system and, therefore, the attitude-control, power, and

communication subsystems should be designed for this con-
dition as far as is practical without compromising the pri-
mary lunar objective.

Design provisions should permit operation of the TV system
during its normal time interval for an engineering test,
regardless of the trajectory attained.
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TV Subsystem Criteria.

1) Terminal-phase video transmission.

2) Limiting optical resolution.

3) Camera sequencing and control.

4) Failure-detection telemetry.

5) Schedule.

6) Cost.

7) Biological sterility.

Priority of Scientific Experiments.

Priority

1)

2)

3)

of scientific experiments is as follows:

Tissue equivalent ion chambers (shielded and unshielded).

Ion chamber (standard).

Radiation counters.

Test Philosophy Affecting Design.

In all areas where the design is influenced by the type of test program
planned, the design criterion shall be that first preference is given

to designs that can be analyzed, and that testing is resorted to pri-
marily for the purpose of confirming analysis or resolving system
interactions. When subsystem qualification tests are the only way

of determining readiness for assembly and flight, the design must
of course, incorporate the necessary test provisions. In general,

however, the objective is to obtain reliability by design rather than
by testing. In system tests, the purpose is primarily to simulate
flight operation. The burden of simulation shall, as far as possible,
fall on equipment external to the spacecraft.
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The _idcourse rnan_'aver accomplished by the spacecraft will correct for

initial injection disp._..rsions. After grc.und trackLng and computation, the
..mldcourse maneuver will be commanded from. the Goldstone Tracking Site.
The veMc!e will barn to the prescribed angle in space, perform the correc-
tion of thr_ast, and then return to i_ sun and ear_ orienta_on as before.

The spacecraft wilt be required to perform a terminal maneuver. This
m_neuver will aiLne the TV camera axis for 1-dgh-resoluflon pictures of
the moon.

2.0 Conf_[urat[on Description

The Ranger system utilizes am .-_,aa booster, or first stage, an Agena B
_psecond stage, and the _ L Ranger spacecraft. The basic configuration of

_J_e Raz_ger 6 - $ spacecraft consists of a hexagonal frame containiag the
electronics packages, the erecmbie _ '_ panels, a on_,,_ia.r -power televisl

_xperimeni Superstructare eontainLug the cameras, sequencers, _rans -
rrd_ers and power som:ces, a_d a movable parabolic commmdcadons
antenna. Figures 2-1, 2-2, and 2-3 iKustraie the basic con/i_arat/on and
major assemblies.

3.1.1

The Atlas/Agena vehicle cc, nfiguratlon is described in the JPL Agena

Study Report (Secret) to NASA Headquarters, Re-order No. 60-29.

S_e_quences

General Desalt/}: _eratlonai Sec!uence (Figures 3. I-1, 3. 1-2, 3. 1-3
Kad 3. 1-41 .....

.W_&6 - .q Opera_tiona!_Se_uence

a. In the launch mode the sp_tcecrafi is ird_tlallyconfined wifl%in the

shroud. Durh_g the boost phases it must tolerate the en_!ronment

of vibration, shock, a.nd high temperatare due to aerodynamlc heat-

:trig.... After the Atlas sustalner burns _ut the shroud is ejected,

Agena ignition and burn there Is a c_t period. There

after which tilespacecrs:ft iS' sep_ted

acquired. Until the sun 1
battery. The spacecraft then turns about the roll axis until the

Is acquired.

e. M&in+dllnlng the sun and earth attitude, the spacecraft goes Into the
c_ai_tng mode. If due to some unforseen event such as meteori_e

impact the solar :Lock is lost, the machine wfl! go into an acquisition
mode. Power is again sustained during this mode by a batter2,-.

de After a suitable tracking period, the recpaired m!dcourse maneuver
commands are computed at JPL and then sent to Goldstone. After
checking, the mfdcourse maneuver commands are transmitted to

the spacecraft.
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3.1.2

3.1.3

e, Upon receipt of the. _ start midcourse maneuver c,.m!tnand (RTC-4)

_,.c ceY_t_ _...i corl_DuteF _iS<i ._CqL:_rICCF _!SSLLq;eS C,.._'t£,,,[ Of th.r.: ' vehicle.

The vehicle assun_es the c,.,n:..q_anded spacial attitude. The antenna

for the high power_:d tra-,_sn.-_itter in rotated to the limit of its '° out"

position so as not to Lnte_ffez-,.: with or be darnag,.d by the mid-

course motor flame. The n_t,tor is i_-nited and the proper incremen-
tal velocity vector ',',-,-" +:c,-,. c ..... ec,_o,; made. DuFillg the motor tiirust phase,

attitude control is rnaintaLm.-.d by autopilot controlled jet-vane
actuators.

f. Upon termination of the nmneuver the acquisition sequence is com-
:nanded bythe CC&S. After acquisition of sun and earth the cruise
mode is again sustained.

g. Approximately 55 n,,inutes bef,_re ]tmar i,'r.pact, the terminal

maneuver is initiated. The thr-:e stored c-oru.',-mnds and the real

thr:e command required are c,-a;:ptzted at JPL and transmitted to

Goldstor:,e in the same fashion a_ the rnid<.,ur-._c _.aneuver co:ri-
m ands.

h. Vpon a signal from the CC&S, backed up by_ a ,'ea..<I-tln,e¢ _ command

(RTC-7), the TV subs'.-sten_ warrr--t_p p<.v, er will be applied. The

TV subsystem's seque:_ccr _ili i.,_tiate fuLl power after sufficient

warm-up. This comn_and '_ill be backed up by a signal from the

bus CC&S. At one n!inute b_.fc_re lug.mr impact, the TV subsystern's

sequencer will initiate camera s_itchover, which allows complete

transmission redundancy, This command will not be backed up,

Thereafter, the entire spacecraft-TV subsyst_,m combination will

pluntTe into the lunar surfact_, its mission accomplished. The real-

time command (RTC-7) may also be. used to switc'h the TV sub-

system h_to an emergency tele:x:eti\y mode in case any problem

occurs that w,)u]d p.-event acceptable receipt of TV telemetry and to

also switch the TV subsystem back out of the en_ergt_ncy mo}ie in
case an}, such problem should clear itself.

i. During all modes other than the cruise mode, spacecraft power will

be supplied by the launch and back-up battery. TV subsystem power

is derived from batteries located in the TV subsystem. AH power

required for the operation of the TV subsystem, h_ri:Ig cruise and

terminal phase, will be derived from these ba_erie_. In no instance

will spacecraft equipment be powered from tf_e TV subsvstem's

balteFles and in no Lnstance will the TV subsystem requi_ power

frolTi the spacecraft's solar panels or battery.

The described events occur within the various subsystems but are

_enerally initiated by the central computer and sequencer (CC&S} on the

bus, The details of the flight sequence necessary to} tl_ mission are
tabulated in table 3. I, 2-I.

The ter;ninai maneuver will poh-_t the prkmar%j ca.,t',era optical axis in the

TermLnal Pointflng Direction (TPD), computed from tracking data. The

TPD is defined as that direction in which the spacecraft must be poh_ted

such that the pri.ma_, TV camera optical axis is aligned normal to the

lunar surface. The primal, TV camera optical axis is defined as a line

through the camera assembly in the Y-Z plane that has an included angle

l0
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of 35 ° ",_-ith the roll oi" Z axis (centeriLne of the spacecraft) on the - Y
(vaw) side. (Refer to figure 3 i. 3-t anti the TV _-">._'"* ...... Functional
Specification).

Tkis maneuver w_ provide the required attitude for the spacecraft to

perform the high resohtion TV arid science radiation exp_riments. The

maneuver w_i be performed with a pitch, yaw, pitch sequence wi_ich will
keep the high gain antenna conth_uouslv :>,:-_tedt,_,_,.-dearth. Of the 55

minutes allowed for the terrninal ._h_, - the _:issi_n, the ?Irst 30 rain

utes will be required for a n_axJanun,, ter_nina] _'naneuv,, r duration and the

last 10 minutes will be required for the taking of high res_qution TV pic-
tures. (_" the 15 minutes that exist between the end of the maneuver and

the initiation of the TV ex_periment, I0 ,a_.L_ute_ have b_:,:.m aEowed for
ter_ninal maneuwer initiation 'pad', and 5 minutes have b,_er. _ allowed for
TV subsystem warm-up.

Sequence of Events for RA 6-9 Terminal Maneuver

a, The terminal maneuver wL!i be initiated by ground comrnand
a.ppr_xgmately 55 minutes before impact.

b. The CC&S wiE supply a retay closure to start TV 'ns _4,.system
warm-up, i.e., an fmternaily stored con}:nand.

c. TV subsystem warm-up CC&S comma;Id _'iil b(, backed u F, by a
real-time command sent from (k_Idstone (RTC-7). TV ,full power
on wilt be initiated by the TV subsystem's sequencer bac_,ed up by

an Lnternally stored command from the CC&S. Camera switehLng
will be done by, the TV suhsystem's sequencer without back-up.

d. The TV subsystem will contaLn an emerg,ency te!emeiD_ mode
that will be initiated h,,_, a_ ...er°und command fr_n_ G,.±dst_nt,"?"" _ _ _

(RTC-7) if normal TV telernetr 7 ca:mot be received for any
_s_n. This same command will be used to tra_sfer back from

emergency telemetr T to normal TV telemetry ff the _ regina,
fautt clears. Note that the mechanization for using the same
real-time command for several TV subsystem operations is step-
functioned in the TV subsystem itself and r_.,;!uires no special
changes in. the spacecraft or DSiF desigm.

e. Receivers at Goldstone will be used to track the two (2) TV sub-

system transmitters and the spacecraft tea_nsmitter frequencies.
_=÷='_'_÷--_.___,_,,._.._ 4_ta_.should be available until lunar impact.

f. The terminal maneuver should be so designed to allow for an

Lnadve_ant lunar fly-by mission, such that TV pictures can be
taken of the moon in the event of failure _f the midcourse

maneuver, gross Agena Lnjection errors or both.

g. Two (2) clear commands shall be transmitted prior to the trans-
mission of any reai-thne command and before the transmission
of any group of stored cemmands. A clear e,_rn:nand is termed
RTC-0 and has the format t-00000-00 _0,0v,,.,0,,_00.

11



RL-3- I10 A

Earth
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Sun's Rays

-,,. 35°

65 °

i Z Axis
of Spacecraft

Primary Camerat
Optical Axis !("A

(which is TermLuM

Painting Direcl2on TPD) ,_

", 1, 2. 3, & 4)

Secondary Camera

,Optical Axis

.J

Lunar Surface _--

Notes:

I.

2.

O.

.

o

The plane of the diagram Is the Yaw-Roll (Y-Z) plane.

The Primary and Secondary. Camera optical axes cross the
Z-axis at station 427.81.

_-_-_,.__...._____,_-_,-o÷,_d_Terminal Phase Geometry must be reached no
later than 10 minutes before Lunar Impact and with a com-
pletely stabilized spacecraft.

The firLng period must be chosen such that Lnctdent Light from
the sun illmmtnates the lunar surface from an angle of 44.75*
± 22.25 ° from the spacecraft.

Letters and numbers on came_a a:_e,s _er to '.he Idc,_tiAcation
of *dae 6 c_ras to im used.

Figure 3.1.3_I. Terminal Phase Geometry
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3.1.4

3.2

o 2 1

3.2.2

At appro-:L,;:ateiy i400 kn_ ab,._-ee the l_.'_ar surface, the TV fu].] u:(;,ver on

ir_ f:_-<,_,_ this >(4nt until impact.

Midcourqe aud *" _" ".... T_--.m_.na.' Guiclapcf. Ir::_trun:entation

_- Ra6-_ hich ::nusta. T_>_._re arc, c(._ain absolut_._v _ecessa.r-,' data .,r.)m ........ "a,
be _btain_-d to, evaluate s:)acecraft ._.... _"J_ . _ , _ v', ,t g._l-;t_Ce (IUFI_ g IIlide.oLlr'se ali(i

terminal maneavers. Specffi,:: req,ireme:_ts ca_m(_t be set until fD,a]

design is s,_:ttied. Specific details "_il.t be covered D-,.the appropriate
functional specifications.

b. As noted k_.the flight sequence, the midcourse a_:d te_inai maneuver

commands are based upon trackiz_g t_,_d tI'aiectv_ry v:,.,_':<_utati,-ms. "Fhc
c,.,n;putations are made at JPL and sent to G,A,:i_tone, where, after

, n_c...n_, the a-an,_'uver c,:,n_mands are {._Ea-_I!S!T_i_CQ _a.S a
gr_,_[:) of three, w(:,rds t_.; tee s[;ac_( raft which are stored in the- CC&S.
The tLme bet_veen words is to bc as short as practicable. The stored
<,,run-:ands will be issued apl)r_,xh-nately 1/2 h,;ur before-t._e exe-(-t_e
c,:,mn.and. The rea]-t2me excc.Ae c_:n'_rnand n_u_t >tart within ±5 min-

utes c,f the re...i,Mred time.

c. No retransn_ission ,of t];_o tna>euver commands for the purp:.._se (.,f

checkLqg the reception of the eo_;mand is required. }{owever, tele-
metry required to evaluate the <,_:_.n__;,__d system ;,,'illhe inco,-T_(_rated.

d. A second mode of data l-mndiin._is required to adequately record the

action of spacecraft gmidance and control during mideourse and ter-

minal manetr_ers. Information of this nature Lnc]udes gu*ro s[gna!s,

mideourse jet vane an_!es, a.,_iennaY:Luge angle, critiea! motor tem-
peratures and tank T.,-essures and times that events occur, such as

motor shutoff time. Additional bKom-nation of acc_:i<;rc,meter integra-
tior as a function ,.,ftime is _ .......,_ignly c_,sirab!e, but not absoi_.._elv rr_an-
:;iatory. Antenna hi_ge aa,,gle and ayro sit{rlals ar_. :-ceded +,.}-'rough,0ut
the flight at normal data rates.

The measurements are esse.utially three categories: (excluding the
s cientific measurem ents).

a. Measurements which provide data required in near real time to per-

form th_ op eration.

b. Measurements which will help evaluate the design by provid_mg a

quantitative measure of the accuracy of the systems performaance Ln
the flight environment.

c. Failure isolation (diagmostic) measurements.

Priorities for measurements on RA6-9 (excluding scientific measure-
ments) are as follows:

a_ Measuremet_ts required for the _@eratlon (e.g., central computer

and sequencer clock speed, (.om.mand receiver phase error).

17
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_,2 Q

4. 0

4.1

b,

C.

.--_H-.-...:-...+s . ., o;-_ and, rate 2:-ro<, acceler,;,meters,_-.'F .............. (e k:- recelv,. ,_ .-:

integrator, _.nten.ua hin_v _,_ie, et "varle an#i_s, tc-J_k i_ressures).

d 5Ieas'.:re:_i__:r_s ,,-bich . .v_,._ ,,, e..... ,..;b,t.,ctives a_a/n,,d or., RA_ .,, a1_d %

The specific objectives of tn_ ni_,_is_.i"ements rcqu,,sted are:

a. Maneuver.

Ii Ab!_._¢ of t?'e A/C s;'._:,,n_ _o :_r,Jperl} orient the s_acec-r._t for
the maneuvers and to ,___,;:t: ,. i its a_:tude durin:; ,-b_, r_idco,irs_
;T_a.'qtLiVer bv n_ealts <ff the ,,.... _-_,, < . %, :_ vane _ .... &tc.'F.:.

" AbLlitv -_the _ ;C _:v<,,-,;- -,._, r,:aco,_-i.re' after ti_' -: ' ' -

ID. A._-I (' {IVC r.

_)_, Acc_2racv (:)f czt-,,,---_-¢,_,.j _to _hl_ [i- at._ .\'('rg; ( {L_!--.hi:, .;_ [<: r_n 4r_(-{-_ t{'on]"

the ch.a:-_e in tr:,_ect,::.:-y).

4} Caus£ of errors i]_ *_"-_.: r'nant IDct r_,. [. t-., lit)taLL" bttw(,cl; .;_t:,
_I o[o i' 3!id lff ct;:-n Ri cu.,i.

5) Ability _ff maJLta_-in& ' ..... ;_>._ -_'_,b. rt'hs._Fe in the :{L_uce e:,:vir_l_.men_.

b.

o.

7].

Perform alice of ten!p£,raturv " ,_*_'£_ system

Contirlta._d evaluation of t_{

ContLnued evaluatic:,n of the

tion .sv stern.

Co:ith:ued investigation of the e:;,-irorm_,, ::t_

, _ , _, e soiar :?aneis and t}'.,_

l>e rfcrmance Characteristics

The lunar 9npac:t trajectories " ..... ' ,,._ - , .... ' .... _ ,fv "
constrah:ts Ti:e constraints :,:,:]_:e'," ,._;...... _, ,_oIirc(:' ,:rJ_!:: are:

a. Attitude Control. Earth-Probe-Sun an_le of 90 ° ±50 ° after injection,

b. Scientific , " " -_Mission. Lighting .... q .... ° _'_'-" _--_-+a_,g.e of about 22.5 _" _o u, . _,,,_ _-_.s'".-
_ng amgie in--_[[ca-{-e-s the amount of shadows seen on the lunar surface

by the spacecraft obser_'er, it is defined as t}_e an_ie between the

moon-sun _J_'.,e and the moon-probe nne, or _ne stun-moon-probe

angle}. Aiso the velocity vector n'.ust be pelq._endicuiar to the lunar

surface durh:g the termu,a., phase.

18
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4.2.1

4.2.2

4. 0 3

4.2.4

c. Trackinm.

I) Dee___ Space. The spacecraft _:11a cross, near the G-c,z,Jm_o,,e
_T6r_c_.aiY ai l mlar encountez.

2) h_,ec_ton Trackuz_nd Te_-qnetr T. T}-:{ _av:nch az_-nuth shall be
suc_--i-i_at _.n)_ ctlon tra3ecto_-y is vis_t_ ;_ fro>'_ AMR tracking and
telemetry sites, most of the time.

3) Omniantenna. The pattern of the t_A6-9 design or-nn{aJ_tepala is
-_-c-_-{_-a-i-_earth-probe-sun m_.gle must be kept to 90 ° ±50 _

after sun acquisition and before transfer to the high-gain antenna
and also at the time of transfer to ornni prior to the midcourse
nlaneuver.

d_ _a;i_I notPower and Thex_a! Control. in,, :_pa_ecn aat be in the

ea,__-a_b--_----'_-_e_t_f0 ,, any ionaer than is neccs_;ar F +_, ,-,_,:,*
the other constraints listed.

Guidaa_ce System

The guidance sv.$iem wilt have thp.:e di ":nct>_, ,.n<:,,:_5 of .... a+'( .... they
are:

a. Acquisition of stun aa,.dearth

b. Cruise

c. Maneuver

Each op, e of these modes will occur t,'ice d_ri,'_g_ _i_t,,t.;_"'

The initi'_ acquisition of sun and earth occ_,rs s,<m after injection. The
sun ac, quasx_lO_t consists Of e_.._.**....a,]_ the ,-_di axis of +},#_ s::acecrdt

affong the sun-t_robe ih_e, such that the -Z a>:is p<_ints toward the sun.
p..t:nae of the so_ar panels is _-_,,-,pe._.e.ndic_uiar t(; the r,_._ axis, conse-

quentl F the panels face the sun. The _itlal acquisRion of the sun shou!d
occur within 64 minutes after launct_. ">_e roll axis ._ho_d be estab-
lished along *" .....:t,e sun-probe lh_e within ±_ EaFth acquisition consists of
directing the parabolic antenna along tim ea_*th-pr'obe line. This should

be accomplished withi_t 4 hours after launch. The ;>c,inting of the antenna
should be _thin ±2 ° of the earth-probe !ine. __

The cruise mode is then established and th_ ab_ pointing accuracies
should be maintaLqed throughout this mode.

The first mm_euver mode, the midcourse ma::_euver, will be performed

if tracking of the spacecraft indicates that the trajectory it is following
will not comply with the constraints outlined in paragraph 4. I. In the

likely event that trajectory' v,o_'........_ t_,o,_--*".... Is" ..... _"{"¢_ th_...o ., a. _C....... • necessary
e-_oc_t F magnitude and direction wi/1 be computed __d commanded from

the ground.
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4.2.5

4.2.6

4.2.7

-i '-_ g

4.2.9

4.3.2

Ti:, _ tra,_:.,::i_:, ,....._n_a.': and , x<_cution of cc;_n:::a:,d will be sufficiently

accurate to : _tah:ish the L,cati,>n of the lunar impact _o_:t to within

40 kzn {RMS). The time of flight variation _;h:_.:] be n:inh_,:ized, subject
_<,_,_,_:a_,,_ at the included an_!e between :_: ace( _.a_ r,, =- axis ano

the carth-pr<,be line shall be greater than 40 _. Fhis constraint arises

fr,.m: the dir,.ctiona! properties of the.:low _£.iY:antenna and prevep_s loss

o:: anhineerin. _ _ ......." .e_efzle_l_, _q_:rl::_] tht, :Ti.alieK_ver.

T}:c midcourse manet_er _ill occur at least five hours after C_)idstone

..... , t.m_ for tracking, erroracquisition of +Ue s:)acecraft to allow sufficlenl _- ,

computation, ground command, and e._ecu-tion of maneuver; and w_i be

completed at least one hour prior to loss of (_)ldstone acquisition to

al!o_._ time for post maneuver tracking.

[:_,m c: m:p_et:un of the firint: <,f tLr- rni,:_.c<,u.--_, -. r,,cket, the spacecrMt

"'" .... :_ _:'" ti,, r_,,_ t!_us regai::in# t_,ewill then aut:_!:]._:_ az_ 2 reacqu_re s:u: <'arth, " ,.
cr:Jse mode.

The required commands to:' tl:_ t?r:ninal n a':eu,,.: wE] be con:puted at

J,e JPL Central Con:p:Ain;: Fa,'.:i_:tv an_ :_._::. :::tied :ro:n the Go!dstone

The termg:al maneuver will i,. gi:: 55 r::i:u:tcs bef<.,re l_.::ar impact as

..... _: . _; ............. has had sufficient

time to complete the t,:_rmlna] n:al:euver, estabiisb a _ .............. aiidtude

and warm-up the TV subsystem prior to the b:itiation of high power TV

telemetry. Actual operational time is 45 minutes, however, an addi-
tional 10 minutes has been all,r,ved to re-lock and re-9_.itiate the maneu-

ver ff the first attempt io do so was unsuccessful. The r_)lt axis will be

• ._.ct.o_ fTPD) (defi_ied h_ para---_-_---'ql_m_'_'_along the Te_nng_al P<dnting 'Y_", _ _ ,

T,,_: I-IMS error _ "t', ..... the prima..E._ TV camera optical_raph 3.1.3). _^ " ._. .....

_xis and the TPD mu._t be ies.< than ! °. Contributb_g errors are as
foil ow s :

a_

b.

C.

Tracking errors hi dete:'r::i:_atior: of the TPI).

Pointing error of the attitude control subs._stem in aligning the

primar)- TAr camera optical axis ".ith the 'FPD, as determined from
tracking data.

Computational errors.

Antennas

The antenna system will approximate m_ omnieover_age for reception and
transmission. :_

A Kigh-g_aLn antenna will be used for attitude dependent communications.

A se_wo system ,._.,_-'_+_._._._ at a hLn_ed point on the basic stm_cture in con-

junction with. the roll attitude control will provide the beam pointing

function. This antenna must incorporate circular polarization capability
for RA6-9 and additionally, S.-b:md capability for RA8 m:d IRA9. This

shall not cause a.,iv e_:_ensive modification of the Agena or its adapter.
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"_ 4.4.1

4. 5 I

4. ?,.. 3

I:. i'_ 4

--:.5. ?::

C.O :_t _,: .-'_'._c':: ¢iOllV

"Y}:c" tr:s:]SDO__*(i_'F s]-_ai] uo.usiS! {_f _,n ,,x: re p.-_,:lv F.,sPPc, v.. }_a._q,.-':. doub:o

_,pprc}xi:?'_tcly 890 _,c, _ud an i_,r(egP:i!iV F,/i'U:'..'{ :_'_:,"_d_::itt_?i" ©pCF,,-

:i_g_ at _pproxi*,,'*et,' :.}_0 :]_c. I! M:all bc :r:_:_._is:o:-:?','-.t a -:'" "'

._ex,:_zp{io_: of the lrarlS_r;ittt'r ,carl:\' po',_e_g a:_)Diifiur" s:aac. ['n+. uni:

shall correlate P<aximu,,'. lan£ furl:: reliability, :::i:_ir_:u.,.:- pclw,':,Y

consumption, and minimum weight with the :'equired electrical per-

formance. The trnnsoonder shall be used fop space vehicle com-
;'/auuications. Its functio,_._ i.r_cl'..:de ":.,de.,_:_:t_.','ir_a ,*P.gincuPi,q_: and

_,."i,'n/ific inforn:ation, doppler r'a::_e ;:nd \e._oc:i:v :: :iSUF,_,,:_:unIS,

and cP.rth :o >pacecrsft c',.u_:n_:_p.,! Pecep:ion.

b. !_opp_cp d:_!a r__-ccption r:.us: b{:, .v_:t .... l_ : .......

,.. I'ov.,,._P........will i:,_> .-.;pt?ii,,d fron: :l_> sp::_,ocrqft !:,as':,: :_,::_'._., :" :;">;:,'n:.

S,i,_tific' ! :xDerir ..... ,*................................... ____-22.2

All ,'xp,.:rini(_ts .si_al] b< _ op,::'t_t_h, in ii:,.,, to _"'it:.. ' :_', :2:__ur'(':_:.,Pnts whih?

the .5p,_ t <.:':_ft ie; still i::_ the, '..';in .\11_':: !l, it io :: -: >t';"<: (I'} g_libz-a/io_: in a
kr:own radiation field and (2) to :dic.,v. _,c_sur_::::n..Pt of ",h, Van :\lien radia-

tion field with the dosinietor.

Do,qi::_,:.ter (P, A8 and !:_ oDlv)

Radiation Ccmnters {RA7, 8. and 9 onlv}

Gui_-_r (:oul:.t_)rs will be us,_e{i _,? detern:i.qc "h,.: _.<.......,._,_' e-_...._:.,._,- e\:irt,:,m i,n

cis-lunar space.

:l'he science ,,xp_:,r'{,!:o!1!s.:hall p:'ov::h: :heir ::>',_:::]::ta,.o::dJiioDi*:: ::::]e{....

tPo:_ics ,c}::,,?;:si:nll :?,',{:,:.::paliblc',_iti_:he sp:>'ec::'::f:'s.:h,.ta_,n.,?od(,r.

,<.i:::idesi_:u:l ,::onditio:d::_ wil: b:- :as,.:.(:f,-;rthe Y/,'i:,_..Pio:_ chg:n:bcP on

}l:::..'::;cr(1. A ,'!::::::'o:..':diti{?ni..u_s::bsv>:r :':::will b,:,e:npl<u,'cd or: [ian_:,ers

7, 8, ,:rid 9.
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4.7

_J A I-i" ._ubsysten_ ,',-ill b,: n.o:.',.:.-:ted on the spacec-raft for the specific
purpose of providing high resolution TV pic_,um-s of t}_<: ]unar sur_face.
The c_._.ciosing tower shall provide adequate _.bcr:na] control and other

necessar%- p_'ote,::tion in space environr>( nt.

be The TV subsystem shall be self-sustaining :flier _'_ :-,*'-_
lunar distance. Two (2) redundant *t_'_n=rnitter_,,,_..,, ,_hali bt -_used to

assure reliability an,,.1 to gMn all --,,,,-_",,-,,-+t..... x_:. _,, data cons:stent v:ith ti:is
type mission.

F,
_e The TV subsystem may telemeter engineering data during ,:ruise

mode and shai! be capable of transferring to an en_ergency _eiemetry
mode during the terminal maneuver if the :,;itu, atio:_ varrants. It

shalt also be capaMe of transferring ba_'k fro_,,: the c_:_ergemy n_ode
if _he emergency situation clears itself. All of*_, r,_f ...... _,-_ed trans-

ferra!s shidl be accon_p!ished by :.,'rou:..!d <'om_,_a:_d.

d_

tion of a color picture of the lunar su:rf:,ce.

e.

£

.-'_ sec:)ndary camera may be used to 'sc'.m' the lunar _urface durin_
the spacecrMt's trajeetoriat des cent.

The spacecraft's omni-antenna shall bc mounted firmly on the TV
tower's apex.

The TV subsystem 's engineering telen,_etry sb.a!! be activated 16 hours,
5 minutes after launct_; warm-up power shall b,:._, applied ] 5 n_inut_
before i.,'.npact and full power to the entire :-;ubsyst,<m shall be ,,-_ppl_d
10 nHnutc.s b_efore lunar im',_act. The sui_._y:_ie:r: _ _:,1! b,:, <'ou_patihle

that normally expected in terminal ::_5neuv,:.,r.

h, R.F. radiation from the TV subsvsten_. _hall in _)o way interfere ,<{'.d_
the proper operation of the space,-rc_t ._ _n.__×_,,d .... _t_,0 .",1 ....... :_

mission or 890 MC reception, or ti_e 5;-band ranhd-.,,_ _ experi:nent
t rans ponder.

S-b_d Rangi'}}}g__rhn__ ent (_ers 8 and 9)

A 2300 megacycle turn arutmd transponder, ;:'it!: no coding, will be added
on two (2) flights for the purpose of conducting an r. f. ran_ng experiment
"F!_e S-band transmitter will radiate through the spact::craft's high gain

anteing& The S-band tram_ponder shall in no way Interfere with the proper
operation of the spacecrrdt's I_-band con,n-,unieations transponder or either
of lhe TV subsystem 's transn'.,itters. Cert_dn .diagnostic measurements ',;'ill be

b ,_. taken ¢,-_,,-_..,_,, .......v,.itb, in ti-e S-band _"b.<y_t_,_ _ _._r,,-for tcle_::etering through the
spaceerMt's L,-band eomn_urdcations tr:ms.mitter.

A siffnal block diagram is s[,ovvn _;, r{_'*'m _ 5-t.
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JET PROPULSION LABORATORY

_ e No RL-3-120
_ ovember 1961

P53 (RA-6), P54 (RA-7), P55 (HA-8) AND P56 (RA-9) SPACECRAFT

DESIGN CHARACTERISTICS AND RESTRAINTS

DESIG_N RESTRAINT_

Note:

1.0

1.1

1.2

It is a design restraint on Rana¢:rs (i through !{_tl_at no , i a:_es from the
basic RA345 bus design will be allowed that are not req_iircd to meet the
T.V. Subsystem interface, the new scie:_ce i::,terfac% t):c ranging e:cperi-
ment interface orto meet the basic mission requir_._::ents. Every eff(_r't
is to be extended to meet the _ew ilk.terraces _ it}_. ;nini_nun.'. desiFn change.

ENVIRONMENT

The spacecraft must withstand the acce!cration and vibration levels associ-
ated with the launching of the Atlas an.d A_cna and thereafter, remain in a

zero acceleration state until midcourse :_aneuvers and lunar approach
maneuvers ixnpose additional vibration and acceleration stress upon it,

vaeumn and ha the best thermal enviromnent that can be provided by a
passive thermal control system, in outer spac_ _, during sun orientation and
ix? maneuver position.

rThe components c,_; the s_,acecr_A must v,ithsta,,id t],_.' radiation environment
encountered in space.

12
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!.3

1.4

2,0

2. i

2.2

2.3

Ti_e s_)acecraft n_us: i)v :_J÷ _<:,witbsta_::}:he strains imposed by nor_nml

tF__D.SDC:Ic'_A_[OI] _-11<! ba';:%ii":___ ;_,:'_]<,<,S.

Spacecraft P z-opuision S) stem ( Midc<_urse ,Motor)

a. This u%_ must undergo ignition and <,perate in a gravitation!ess
environment.

b. The unit must ig_Liteand operate h_ a hard vacuum enviror_nent.

c. The midcourse motor should be designed so that when filled and

pressurized it will be safe according to current safety standards.

d. The installation of the midcourse motor shall be such that its thrust

axis can be located to within I inch of the spacecraft's roll axis

(Z axis) in all directions in the pitch-yaw (X-Y) plane.

VE HI C L ES

The Ranger 6, 7, 8 & 9 spacecraft are being designed for the specific
capability of a lunar hnpact mission aboard an Atlas/Agena vehicle.
Total weight or weight of any listed component shall be no more than
that stated in the Design Paran,'eter and Reference Designation Specifi-
cation.

Separation

The method of separating the spacecraft from the Agena adapter shall

not impart an angular rate greater than 3 degrees per second about each

of the 3 prLncipal spacecraft axes. The noncritical magnitude of the

incremental velocity imparted to the spacecraft upon separation must be
predictable to within ±2 feet per second. Electrical separation shall be

effected upon a signal from ti_eAgena stage. Since electrical separation

is perfo._ned prior to mechanical separation, the reactive force com-
ponent vectors are confined within the system.

Mechanical separatmn of the spacecraft from the Agena adapter shall
take place in the plane between the feet .of the spaceframe and the Agena
adapter.

Shroud separation shall occur after the Atlas sustainer stage has been

_,,pp_, off _"_ *ho Agen_ has stabilized the flight vehicle of any resid-
ual oscillatory rates. The shroud shall be ejected; a subsequent pitch
down program of the Agena vehicle prevents a collision with the free
shroud.

Center of Gravity (Composite; Spacecraft and Payload)

The acceptable tolerance on the location of the composite center of
gravity at initiation of midcourse maneuver is one Inch from the rob
axis in any direction in the pitch-yaw plane that exists ti_rough the
Z-axis C.G. The Z-axis C.G. must meet the constraints of the Attitude

Control and Autopilot Subsystems.

2
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.4

2.5

2.6

2.7

o 8

2.9

i0,m.

7"[{I .... _ ......

h_tern_i ti_nin,_:a;:,a(:vent _4<.uuer<ci_B_._ is, controlled bv the Central Com-

puter an<! Se:_ _r_ct-'r. It is d_-s];-ab[_, that all internally generated and

sl;ored events Lt: r-,_:_ted5}-:r_.,u<?it.r:eCC&S. All real time $,.round com-

mands wilt be initiated uy the c,.,_unmnd dec<,d_r. AE maneuver stored

commands trar,_s:r.;tted from the ground shall be routed to and stored by

the CC&S ".:n'.t_! <._._. !.

h_ order to ea;+:_: l:,.,_ and T.V. Subsystem Fas_:nger thermal design

r_, straints a,'.,_,i t_._ a_ssure ::_i_i:',_ .nu picturt' blurrind a_d good picture

n.-._stirtg, it is d< sir'able that the i_:itiation ,ff tie ter:ninal n_aneuver be

as late as possible. Poor"_est!ug ::.:_ :,icture blur'rin_ is due to rnis-
" . . ,-,r,,-,, t'xis wit]! the velo([iv vec+or.ahgnment ,.ff the T V ...... <ra _ ....

The initiatio'_ <,f ti, T.V. passe:_.g__.,." is p_.-ovided by a contact closure in

the CC<,.S. A cola> c<rttact pair is provided for this purpose. The

television sequence will be initiated b F a stor_d c:n_nmand fron: the
CC&S ,:ith a _-edn_da':t rea!-ti-_,_,:- cr_:_,n_a:'.d :_v:d]2ble f,<_r re]iability of

sequence i.,'_,itiatio:_.

After h:itiation of the Teievisi_m Subsystem bF spacecraft switching, and

a redur'da;_t ']..,-,vero_,' e_:r,:m_and fr,<_m the CC&S, t}_e Television experi-

•nent is io be seh'-c<:,ntr_d!ed, fuz-nishina its ov:,n pov, er and rf system

" " z, s'{st<,:r_ will radiate, into.ugh th_ space-i_,!-iti_ iuila.F iI];[ L!C't. "_'_i_a." TV "_" ' '

craft' s a..":t-_-nn_ <,._tc-n:.

Power Svs te,_n

The ba_,-' p{rwcr ._,,-t_._ <;m!, be solar ,., "" ....'"_" " "_'- " ' _-'
t .... " .ff _'_-,", ;x}dch so]at attitudebv the main )at_erv f,_:,:" those ,_I,_ses _., _._t ,']uri'n_

cannot be n:aintai_'d.

.... .'_a,,;e '._ should '-or be " ;"_""_' " .. .Configuration ,,_" p ': _ ,, ,,_<. ,.Llx_a I r<u_ those ¢m R_A345

Increased poweI- _:"nands I'_ uld..u toO) sh< be met through in-n_roved per-

,'Of I_ alice.

a4 The p(_wer iist:ribution network shall be desj_med fr_r optin_um per-
a_ia_l,,t :>rioritv _ist:forma,-'we Jn at:co_,.._a? ct: ,..t,, tht, 'c,]io'whl_< ,,e _ *',- .

!)

2)

_)

4)

5)

R c!iabi Iit 5,

fL i* IClt 11('%_

C,md_,i,.:-t,._? _;_ .,.':x-liate,_- -_;t_"rf'.: ,'.>ice in _'_-:]_:_tiou to the inter-

fere:,o> :i..s-,_,tL!)iiit F _,t the n:, st criti,,:al si.;bsvstelu i;i ti-e craft

Pow _.:_'-l._ _,.d r,. _z':lati, :: c_. oss -< _-"-_piL'_/

Ba]_c.',ciz:g ,:[ }_,. at dis.:ipatio!J
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2.11

2.12

2.13

7) Size

8) Economy

b. Spacecraft :vicu_g <.,,t._ide the hexagonal plenum will be as follows:

C.

I) No feed-tLrough terminal boards (headers) will be mounted in

top or bottom of the he×agona! plenum (doughnut). RF coax
connections will be considered an exception.

2) For small, highly reliable items attached to the outer hex
structure or to the T.V. support structure, solder te_ninals
at the item are rreferr_d. A .,:-, nJ_ect._r may be used Lnste,_d.

3) For large, c<,mplex, or frequently removed items, a cormector
(or connectors, if necessary) is preferred. Solder termh_als

may be used, h_,wever.

4) Use of pig_tailsis generally incompatible.

The numerical designations for space craft compc, nents are listed in
Re_tr n_e Designation Specification.the Design Parameters and _, _* "

Grounding - Complete grounding methods are iterated Ln the Cablhlg

Functional Specification. It is essential to adhere to these rules in

order to eliminate grotmd loops and minimize system interference.
In cases where these" points are not compatible or consistent with

existing desiKns it should be brought to t!_e attention of the Space-
e\ 1£\% .craft Project Engineer for r ,' _ .

C entraJ Compute r and Se quen_ce F

• CCs:_, constitutes the basic tLmerThe c:entral computer and sequencer ( ......
m!t._lon _d the scientificfor the spacecraft, the T.V. experiment _ " _ ""

experLments. The CC&S further coordinates the activities of the var-
ious spacecraft systems and causes the necessary and correct opera-
tions to be _mitiated during the flight of the craft. It also accepts, stores
and acts upon maneuver commands. The CC&SwiH be designed such as
to insure the receipt of correct maneuwer stored comma_ds and for
maximum safety against issuing commands inadvertantty, consistent
with the .............. "_-_ r_14_h_l_,y of ooeration.

Data Encoder

The data encoder will accept and encode signals correspondir_ to voltage,

temperatures, pressures, scientific data, T.V. Subsystem engineering
data and other telemetered variables for radio tramsmission.

Command Decoder

The command decoder s,_aLl ..... ,a_n_xo the pI_.,ce (,_ coded binam, and

1 cps s)nc signals at t}_.e ,:mtput of the transp_:nder receiver and provide
actuation for all but the maneuver c<;mmar'ds. The maneuver con=ma_ds
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2.14

2.15

2.16

will be se_,_t_o the Central C_mputer and Sequencer for storage and

action. The con_n_and decoder will be designed such as to Lnsure correct
c_Fr_mands,

Attitude Control

The a_itude control subsystem shall contain, the necessary optical and
gyro sensors, aiong with associated switching and logic circuitry, and
cold gas jet impulse system to acquire and maintain the sun to expose
the solar panels and to acquire and maintain the earth for high gain
antenna aiming. It shall be capable of accepting maneuver commands
and stabilizing the spacecraft ha a prescribed manner. It shall also
pr_zvide the necessar), contro! for the jet-vane actuators during mid-
course motor thrust.

Ex_!ension System

The e.x'tension system is composed of two parts, namely: (i) actuators
capable of moving mecha_Acatly as necessary to accomplish mission

requirements and (2) a pyrotechnic initiating system (Squib Firing
Assembly). The first is composed of such items as pneumatic booms,
extendible arms, solar panel actuators, etc. The second ts used to
initiate the pyrotectmic Iatching devices that constrain the extension

devices until such time as they need be deployed. The pyrotechnic
initiating system shall also be required to switch currents greater than
those which can be manipulated by the Central Computer and Sequencer
and to initiate the start rand stop valves for midcourse motor firing. The
pyrotechnic initiation system shal! provide adequate sating to prevent
inadvertant h_.itiation eo:mistent _dth reasonable reHabi!ity of c_peratton.

Television Subsystem

The Television Subsystem will be contained in a structure thai is moun-

ted on top of the main spacecraft bus. The prime purpose of the T.V.
Subsystem is to provide relatively high resolution close-up T.V. pic-

tures of the lunar surface. The T.V. Subsystem is comprised primarily
of the following components:

a. A structure which is used for support and environment protection

b. An assembly of T.V. cameras

c. An rf system composed of high power transmitters, modulators and
encoding electronics

d. Event sequencLng electronics

e. Self-sustaining power s_,urces

The spacecraft*s omniantenna will be rigidly mounted on top of _t_e T.V.
structure. RF energy from the T.V. Subsystem will be radiated from
the spacecraft's hlgh-gain antenna. The T.V. rf system shall not
operate at a power level greater than 2 watts from any one source while
on the launching pad. Certain T.V. Subsystem engineer ing data wi_ be
telemetered from the spscecrMt's telemetry system. Warm-up power

5
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2.17

3.0

3.1.2

3.1.2.1

3.!.2.2

3.1.3

3.1.4

3.1.5

wi_2 be switched 5r.:)n', the T, V. subsysten,_'s power sources to its elec-
tr(__-_ics by a s;_,ace,:raft stored command, when the spacecraft has
arrSved at sigr_dica_,t aitRude above the lmqar surface. With the excep-
ti,,:,n of ce_ain discrete spacecraft commands, the T.V. Subsystem will
be seh'-sustainLng after iz_itiation and until lmnar impact. Maxh-num
weight allowance of the T, V, Subsystem wiLl be 315 pounds,

A 2.3 gigacycle rm_gi_g ex-per_ent will be provided for Rangers 8 & 9
(missions P55 & P56) only. The experiment will use an S-band tarn
around transponder with no coding and be coupled into the spacecraft's

high gain antenna along with the spacecraft L-band trazmponder and the
T.V. Subsystem _ output. The ranging experiznent is added on a non-
interference basis only.

B.:_NGER OPEI%:_TIONS AND GENERAL TEST PLAN (effect on space-
craft design)

Test Operations

Serial numbers st_.ould be assigned to all modules in a logical ma,_mer
and a complete log should be kept of the mod_es performance through-
rut its entire history. This log will accompany the module to the Space-
craft Assembly Facility (SAF) and at AMR and will be maintained and
be the responsibility of the user of the module.

The spacecraft system design will be verified in the JPL Spacecraft
Assembly building and at the necessary environmental facilities.

Spacecraft system operation will be verified in the JPL SAF prior to

shipment to AMR.

There will be a verification of the T.V. Subsystem design at JPL,
both separately and Ln conj'm_ction with the flight spacecraft.

RF anti mechanical compatibility tests may be performed with Lockheed
Sutmyvale personnel in attendance. Certain dynamic testing may be
conducted at the LMSC facility using dynamic models of the spacecraft
T.V. structure combination.

Units assigned for flight mud delivered to the SAF AMR will be logged
and kept under control by a single agency.

AMR SAF Checkout

Fueling and pressurization of the spacecraft in the explosive safe area
will have to be done after removal from the SAF and prior to removal

to the Iauncl_ing area.

6



RL-3-120

3.1o6

3.2

Except for gross syslem tests, checkout, fueling and pressurization,
desi_ constraints d_:_not permit ex'te_sive testing, trouble shooting,

comp_ment replacement beyond the AMR SAF checkout.

or

a. Reasonable temperature in the spacecraft will be maintained by

air- conditioning until launch.

b. Provision to pump ethylene oxide freon gas mixture into the shroud

should be provided pending establishment of any alternate steriliza-

tion techniques.

c. Safety procedures must be generated for problems associated with

the pyrotechnic devices and liquid propellant systems.

d. Spacecraft functions must be capable of shutoff (in case of an abort)

prior to the 2 inch lift-off separation.

e. Tests

I) C_perations of the spacecraft at the launch complex wi_ be con-

fined to qualitative operation a_d loop checks.

2) There will be no manual access to the spacecraft at the launch

complex. Failure requiring c_mponent replacement in a vital

subsystem will normally result in a scrub since the spacecraft

will have to be returned to the SAF or to the explosive-safe

spacecraft area.

3) The principal monitoring of spacecraft performance will be

done through telemetry.

4) Certain critical functions will be monitored by _f trai!er, han-

gar and blockhouse equipment, tY_elatter of which wil! also

command selected spacecraft fun ztions.

Midcourse Maneuver Constraints

The midcourse maneuver must be constrained to an Earth-probe-roll
axis angle of 90 _ +50 °. Miss components will be corrected and time of

flight will be corrected to the extent possible within the preceding con-
straint. The minimum velocity increment that will be imparted to the
spacecr_-_t _ 120 fps.

Transmission of data is required during the midcourse maneuver. No
data storage is to be provided, and during the maneuver the three-watt
transmitter will be transmitting through the omnianterma. As the omni-
a_.tenna has appreciable nulls along the roll axis of the spacecraft it is

necessary to constrain the pointing of the spacecraft. In the event the
midcourse maneuver must be performed on the second day, the above
constraints are waived. Receipt of tetemet_" information is desirable,
but ca_mot be held as a requirement.

7
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SCIENTLFIC EXPERIMENTS

The _cientific i'_struments rr-ounted on tbe bus must be compatible with

the s:_acecraft's power and telemetry subsystems.

The scientific exT)erirnents for RA-6, 7, 8 & 9 are shown in the follow-

i__.g table:

4.3

5.0

5.1

5.1.1

5.1.2

Lnstm_ment Expe rim ent Spec. Reference

Shielded and unshelded

tissue equivalent ion

L__hambe rs

Dosimeter

i
!Stmndard ion chamber I Ion energy

levels

Radiation counters _ Radiation

, levels
_ , &

5c_ence Data Conditioning

The science subsystem must provide its own telemetr_j data conditioning
and be compatible with the Spacecraft's Fmta Encoder.

PACKAGING REQUIREMENTS

Packaging philosophy on RA-8, 7, 8 & 9 will be as follows:

A modular scheme of packaging of electronic equipment shall be used.

The subassembly chassis shah be uniform Ln pr_file, and vary in width

as necessary to accommodate the components. Uniform profile chassis

will maintain interchangeability of subassemblies in order to accom-
plish mass m_d heat balance.

Interchangeability of Spacecraft Components

A few of the spacecraft subassemblies are designed and fabricated to be
nominally interchangeable as, for example, the -" .... -_

From the standpoint of the vendor and cognizant engineer, it is Imsatis-

factory to makr an interchangeable subassembly with a type number

signifying that it is to be mated to the spacecraft at only one position.

I_ considering the spacecraft as a functioning system, however, it is

essential to be able to distinguish among a manber of similar sub-

assemblies according to their position in the system.
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5.1.3

5.1.4

5.1.5

5.2.2

5.2.3

ne _._b:::s:<,_,_,_l_-s:.>_cecraft e__ectr_cai il]ieF_ce_" - will be Ii_aFKed_ on t .

__ "s÷-"- ;,i_<h 9<_ica._es _){_si*.ionand on the sub-_L_acocI_[III :,{dr bv 8 s_ ,__e,_,

asse_::biv _:<..eby a system wb_icn indicates choice of position.

Electronic assemblies shall have the capabi!ity of being sealed in order

to control:

a. Temperature of assemblies

b, Electrical problems

c. Mechanical problems

Pressurization requirements are the responsibility of individual pack-

age designs sh_ce no over-all spacecraft pressurization is provided.

amatz,-_n T;J....__-'+'_'*_'_'_,__ _._.. other than spacecraft structure is the responsibility.,

of h_dividuai package design.

R ererFAK_,-Desj__atio}]_.fo.£_Spa]eyr_t ffo,-,_ponents

Ln the h_teres_ of uniformity, reference designations for spacecraft com-

ponents have been assigned according to the IRE Standards on Reference

Destitutions (57 IRE 21.52). These are tabulated in the Design Para-

meter and Reference Designation Specification.

The IRE Standards describe two methods for assigning reference desig-

nations, i.e., the Block Numberh_g method and the Unit Numbering
method has been adopted.

The method of desiglmting in_rchang{:_,_)_e subassemblies ks as _ .........

2A3/4
REGRETTOR
A MP LIFIE R

2A3/4
RE GRETTOR
AMPLIFIER

\

/
|

t 2A,PI ]

TO

SPACECRAFT

Note: Subassembly receptacle designations are incomplete. For
complete identification, prefix the receptacle designation

with the subassembly desigmtion.
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5.3

6.0

6.1

6.2

Eq_d_ment must be located so that the center of gravity requirement is
m_.in_a!._ed with n_i.,_num use of ballast.

S TER ILIZATION

Sterilization of RA-6, 7. 8 & 9 and T.V. Subsystems is a requirement.
Every effort shall be exercised to accomplish this requirement to the
greatest degree practical. Design problems encountered by this
requirement shall be referred to the Spacecraft Project Engineer.

Internal Sterilization

l_terna! sterilization is accomplished by heating at 125¢C stabilized for

24 hours or by gamma-ray irradiation at a level of 107 Roentgens.

Internal sterilization must be achieved prior to assembly in spacecraft

and in the case of spares, prior to shipment to AMR. Deviations mus±

be requested from the Program Office.

Exte rnai Sterilization

Ex-ternal sterilization is accomplished by soaking the entire spacecraft
for I0 hours in an ethylene oxide-freon gas mixture just prior to lam_ch.

Any gas passing into payload shroud must pass through a filter to

remove tony solid matter exceeding .45 microns.

A manual valve or access port on shroud is required for introduction of

the gas. The spacecraft-LMSC shroud and adapter assembly shall be
purged of the sterilizing gas with dry nitrogen prior to launch.

LYTERFACE PROBLEMS

Mechanical Lnte rface

a. Attachment and in-flight separation of spacecraft. Separation
should impart negligible angular impu.lse to the spacecraft, but
sufficient linear impulse to assure clearance before the Agena's
retro-maneuver.

b. Shroud requirements. The design of the spacecraft should be such
as to be impervious to nomLnal shroud side-drift collisions at shroud

ejection.

c. Aerodynamic problems resulting from spacecraft configurations.
The design of the spacecraft shall introduce no new aerodynamic
problems.

d. Structural requirements placed on vehicle and spacecraft.

e. L'mbilicals (liquids and gases). No liquid or gas umbilicals are to

be attached during normal launch pr_,cedure.

10
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7.2

7.3

8.2

8.3

8.4

Electrical Luterface

a. Umbilicals (wiring). E]ectrical access to the spacecraft T.V. Sub-

system combination shall be through an umbilical to the Agena adap-

ter, then to the spacecraft ring harness ...............

b. Electrical power and signal. All electrical power required for the
T.V. Subsystem will be supplied within the T.V. Subsystem during
flight. The spacecraft will provide redundant switch closures for

the initiation of the Television Operational sequence. Exchange of
telemetry signals, operational sequence signals, signal grounds,
etc. between the T.V. Subsystem and the spacecraft bus will occur ....
at a common junction point consisting of no more than two (2)

electrical plugs. If more than one (1) plug is used, each should be
individually and me chanically identifiable to avoid inadvertant cross-
conhection. RF coax connections shall not be made through these
plugs, but shall be separately routed.

c. External access test connections may be used for any of the bus
subsystems and the T.V. Subsystem. The location of the test
connectors for the T.V. Subsystem should be at any convenient
point on the base of the T.V. structure and in the areas above bus
cases II, HI, V or VI to provide accessibility when the solar panels
are folded. Bus subsystem direct access connectors shall be

located on the top of the case pans, as in previous Ranger designs.

Instrumentation Requirements (Pre-launch to Injection)

The Spacecraft-Agena separation information will be supplied by devices
mounted within the Agena and will give indications of separation for all
mechanical and electrical disconnects. These indications will be trans-

mitted by the Agena telemetry link.

COMMUNICATION

Doppler data from the spacecraft transponder must be available for at
least 15 minutes after injection occurs.

A means shall be provided by which rf transmission to and from the JPL
omnidirectional antenna can be accomplished while the mated vehicle
and spacecraft are on the launch pad and during the vehicle ascent, prior
to shroud ejection.

It is necessary to provide full power to the transmitter during cruise
and all maneuvers. The magnitude and direction of the midcourse
velocity correction and the two-axis, three mode termi_ml positioning
maneuver will be transmitted from the Coldstone Facility.

The spacecraft transmitter design shall be compatible with the launc h-
to-injection ground receivers used at Cape Canaveral, the vehicle track-
ing station, and the Deep Space Instrumentation Facilities. The receiver
is to be compatible with the Goldstone transmitter, and the transmitter
in the launch-to-injection net.

II
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8.6

8.7

8.8

8.9

_,_. ___.e conzmand will be _....._ed to s_,itc_ the spacecraft's

teic:_etrv output from the omrd to tke _ift,h-gain_..:ie;maand reverse
_ ith _:,_mtinuous selection option. The e_=uniaz_ter,.nawill be used for the

transmission of * _" _, ,:c,_metrv t_rior to each acquisition by the high-gain
a__ten_¢a after injection and durh_,g the midcourse ._,_a_euver. Communi-

cation with the high-gafi_ anterma shall not be lost during terminal
nlaneuver.

Chassis ground for all subsystems shall be established at the trans-
ponder.

The transmitter shall not be operated at more ._=,,half power while the

spacecraft is mated and on the launching pad. High _ower shall not be

initiated prior to shroud ejection.

A rf coupler w_ be provided on the spacecraft to simultaneously couple

power from 15oth the spacecraft's trar_smitter and the T.V. Subsystem's

rf source to the spacecraft's Mgh-gain antenna. The coupler design

should p.-_ovideminLmum losses for either source and should be capable

of operating with either or bath sources radiating.

The spacecraft's telemetry system shall data encode and transmit

certain engineering information from the T.V. Subsystem from launch
to initiation of midcourse maneuver and from completion of midcourse
maneuver to lunar impact.
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RANGERS P-53 THROUGH F-56 {.RA6-9} SPACECRAIVT

DESIGN re_,/-_-,_x:_ & RKFERENCIC DIgS!C;NATIONS

1.0 SCOPE

This specification is a control docun_enl foe refe:'ence des!gnat.ions, ti_e

n_aximmn: weights, power and temperazure range a_iolied to spacecraft

components. The weight, g_wer, and temperature :-ange :411oi_.edfor :<

specific article is the maxln_um allowed. Any decrease of ,veighz and

power, and increase of temperature range from *.h&t alloVled is desirable.



2.0 REFERENCE _)_SIC_ ,_TIONS

2. i Philosoph:_ Cpr_s_!!,::_ati_:.ns

2.2

2.3

I

RL-4-120A

Consistent _h the approach that RA6-_J :_pacecraft remain as similar tO
the RA345 design as possible and witMn the saIne ground rules applicable
to RA345, this _pecification also covers the i, tentification and marking of
the RAg-9 units. Any unit p,'eviousty used on RA345 that is to be used on
Rangers 6 through 9 which does not require modification, or requires
modification that does not prevent it from being interchangeable with
RA345 units retains the reference designation number assigned on the
RA345 program. Alt new units, or units previously used on the RA345
program that require modification such that they are no longer inter-
changeable with RA345 co_;'ponents are assigned new numbers. Units

which must change in design to accommodate the introduction of the Rang-
ing Experiment on Rangers 8 & 9 wilt receive new reference designation
numbers for use on those rnodels.

Requirements

The names of the subassemblies called out under 5.0 are to be used in at!
documentation.

Designation Method

The reference designations for RA6-9 spacecraft components have been
assigned based on the IRE "Standards on Reference Designations", i.e.,
57IRE 21.$2, modified for the particular requirements of the Ranger
program.

R EQUIRE MENTS

Neces - sar_ MarkLng In_forination

ALl spacecraft components listed under 5.0 shall be permanently and
legibly identified with the foiiow_n_ information:

(Typic a.I)

a. Reference designation 7A3

b. Plug or terminal designations 7A3J1 7A3J2

c. Model number 1_8- 9

d. Serial number 02!

e. Drawing number or standard part number D 315 2238

Components not listed under 5.0 shall be marked in accordance with JPL
Specification 20002.

All nonflight co,_:q_oner, ts _.s_ecJ under 5.0 shall be identified by a red dot
1 { f _ • -Ln a mariner v,,-_,ch is visible after spacecraft mstaLatlun.

2
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Reference d¢:_signation and serial numbers of internally mounted trans-

ducers, shall appear on the unit in which they are mounted, adjacent to

the units identification marking.

3.2 Optional Marking hfformation

3.3

3.4

3.5

In addition to the required marking ilfforrnation contained in 3. I, the

following information may be included if desired:

a. Manufacturer

b. Purchase Order

c. Component Nomenclature

(t. (Etc.)

JPL

Antem_a Drive Electronics

Location of Marking

Lnforn_ation Ln 3.1 is to be located so that marking is visible when

installed on spacecraft, unless its position is specified on the applicable

drawings.

Components to be Marked

All components shall be marked as specified in 4.0 except as follows:

a. Components which do not have a suitable surface for identification or

for which identification marking would interfere with temperature

contr_,l charact('ristics, shall be individually tagged as specified in
4.4.

b. Components _ hich are subject_,d to Quality Control Ir!spection may b_

ink-stamped or tagged, which,, v_'r is prcferabie and shall be identi-
fied with the inspection test procedure ntamber, date of test, az_d

inspector identification.

Drawings to be Marked

For components specified under 3.4-b, the markings shall appear also in

the applicable installation drawing, it is desirable to insert replicas of

all marked component sur_faces in the installation drawings.

METHODS OF MARKLNG

Ink Stampb_g with Rubber Stamps

_. Use chaz'acters 3/16 of an i_ch high or hi_her whenever possible.

b. Clean pa_s with a suitable solvent so that the surface to be staunped

:s entirely fre_" from grease and oil.

c ...... Sta_D the parl (usin_ ,_.....................c--_b_. 4 materials) to t_roduce a r,na_'k_,_g-:,"_
w.qich is clean and leg:bie _ith sharp, weil-defh_ed c_aracters.
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4.2

d. Use black ink for stmmping unless insufficient contrast is secured

with the background or unless other colors are specified. Where

black is uns_'_itabieand no other color is specified, use yellow.

e. Apply a transparent, protcctiv< coatLn_ to the marked area, only.

f. The materials described below, or materials with equivalent proper-

ties, shall be used for all ink sta-_ping:

Ink, Opaque 73X {specify also, black or required color), Independent
Ink Company, Gardena, California.

NOTE: These inks were selected for their permanency,
good application prope_ies, combined with fair to good

stamp pad behavior and medium-fast drying. They have
good adhesion to clean bare metals without etchin_ the
metal and are non-corrosive to al_mlinum alloys, mag-
nesium, etc. They have good resistance to water, gaso-
line, lubricating oils, aliphatic hydrocarbons, and many
maintenance ciemning and -'ap<,r degreasing compounds.
They are non-bleedh_g when coated with lacquers,
ename!s, etc. They will not resist alcohols, esters, and
ketones.

Ink Thinner, 73_'4, Iridepend_'r_t Ink Company, Gardena, Ca!ifornia.
(Thinner is required to condition stm_ip pads and to clean stamps)

Protective Coating, Eccocoat EC 200, Emerson and Cuming, Pasa-
dena, Califvrnia.

This coating _vas selected for it: p_r,'uanency, transparency, devree

of flexibility, ease of applicati_,rb ai_d i,,:,wr,_tention of vo!ati]e com-

pounds. When applied and alio,<ed to set at room ter__peraturc, the
surface may be handled after six h{_._rs. At I50°F, this time is

reduced to thirty minutes. Outgassing is hastened by such baking
but shouid fa!! to an acceptable level withh: a few days without baking.

Lmpression Sta_nph_g with Metal Dies

a. Impression stamping is to be don< only _h_:n specifically called out

on the Engineering Drawing.

b. Location for stamping shall be as called out on the Engineering Draw-

in[.

c. Use I/8-inch characters unless otherwise specified.

d. Use metal backing blocks or other means of support centered under

the area to be stamped unless the area is a thick section (l/2-inch

or greater).

e. L,etters and figures ar'_,to be ro i_ded o_ the edges and free from

sharp corners.

4
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4.3

4.4

4.5

4.6

5.0

5.1

fo

go

The impression should be uniform and of a minimum depth to give a

legible number. Avoid over impression and marring of under sur-
face in contact with back up block.

Molded cables shall be hot stamped when applicable.

Etching

a_

b.

cQ

d.

ee

Etching is to be done only when called out on the Engineering Draw-

ing.

Location for stamping shall be as called out on the Engineering
Drawing.

Use 1/8-inch characters anless otherwise _pec.ified.

Letters and figures are to be rounded o_ _dg,:_ a_d free from sharp
corners.

The depression should be uniform alld of a minimum depth to give a
legible number. Avoid unnecessarily deep depression.

Identification Tags

ao

Do

Use non-abrasive non-conductive tags bearing the part or assembly
number. Tags must be capable of withstanding sterilization tem-
perature of 125°C for 24 hours and ethylenc-oxide gassing for 11
hours.

Attach tags securely to the part or assembly with approved twine in
such a manner as not to interfere with installation or operation of
the part. Attach tags to parts without holes by tying the twine around
the part in the most suitable manner. Do not attach more than one

tag to a part, except in the case where a pa_ requires a test tag Ln
addition to the identification tag.

Nameplates

The use of nameplates or identification plates is not acceptable.

Sterilization

Identification marking should be applied before the unit is heat sterilized.
However, modification or re-work of ink stamping does not require

re-heating, in that terminal gas sterilization will penetrate the coating.
Identification tags should be pre-sterilized before application to a steril-
ized unit. In no instance should a unit be re-heated to sterilize any mark-
ing identification.

MASTER EQUIPMENT LIST

Reference desigmations and all pertinent design parameters are contained
in the attached master equipment list.

5
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SOURCES OF IhFORMATION

The sources o: information _<_,. _n ,_h.sspecification are as folloms-

Jet Propulsi,:m Laboratory

20002

The Institute of Radio Engineers

57 IRE 21.$2

Process Spec_ication, Identification,
Missile Parts and Assemblies

Standards on Reference Desi_mations
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NOTES:

Weight is included in the weight of the component the transducer is
used on.

Ballast may be required on Rangers 6 & 7 for uniformity of spacecraft
moments-of-inertia. Weight of ballast not to exceed weight of
component it represents.

® Weights are included in tile midcourse motor weight.

Power for all temperature transducers is included in the power for
the data encoder,

@ 2 watts of dissipation in the gyro and capacitors is furnished by the
gyro elect ronics.

q)

©

5)

4A4 must be capable of taking 2.24 w spike over and above the load.

4A5 must be capable of taking i. 47 w spike over and above the load.

Input wattage to 2A25 consists of rf from two 60 watt television trans-
mitters and the 3 watt L-band transmitter.

®

Dissipation indicated for 2A15 is rf and exists only when the system
is feeding the directional antenna.

Power is drawn by 8A51 only during squib events and varies depending
upon the event. Reference Pyrotechnics Subsystem l_unctlonai
Specification.

input watts to power devices are maximum drawn during the mission.

See Power Supply Subsystem Functional Specification for Mission
Power Profile.

@ The television subsystem is comp_etel: self-oowered.

Weight is included as part of 30A9 w_ii_ht,

20
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(Insert in Spacecraft Design Specification Book) APPROVED:

Subsystem :J___w_-a_

JET PROPULSION LABORATORY

Spec. No. RL-4-150 B

10 May 1962

SUPERSEDES:

RL-4-150 A

15 March 1962

FUNCTIONAL SPECIFICATION

RANGER RA6 THROUGH 9 (P53, 54, 55, & 56) SPACECRAFT

CABLING

-;_Denotes Change

SCOPE

This specification covers cabling for the P53, 54, 55 & 56 spacecraft.
The functional requirements are listed plus all other aspects necessary to
the development of the functional requirements. It is required that the
same methods and practices, employed on Rangers 3, 4, & 5, be used on
P53 through 56.

APPLICABLE DOCUMENTS

The following documents apply to this specification:

DOCUMENTS

Jet Propulsion Laboratory

Spacecraft Design Specification Book
Ranger P53, 54, 55 & 56 (RA6 through
RA9)

20014 General Specification, Soldering Process

Page 1 of 7

JPL 14-072



RL-4-150 B

20016 General Specification, Workmanship
Requirements for Electronic Equipment

20018 General Specification, Cable and Harness
Assemblies, Fabrication of

30201 Environmental Specification, Ranger
Flight Equipment, Assembly Level
Type Approval and Flight Acceptance
Test Requirements

CABLING REQUIREMENTS

General

The spacecraft requires the routing of a great number of different sig-
nals. The cabling will accomplish the routing of the signals in a manner
compatible with the requirements of the source unit and the destination

unit. Consideration has to be given to the control of electromagnetic and
electrostatic interference as well as to weight, power losses, and mech-

anical properties, such as IR drop in conductors, IR drop in grounds,
insulation, protection from heat, dispersion of heat, tolerance for nor-

mal vibration, adequate support, accessibility during construction,
accessibility during rework, accessibility for adjustment and test.

3.2

3.2.1

3.2.1.1

3.2.1.6

3.2.1.7

Electrical Requirements

Grounding

The structures, assemblies, chassis and other similar members
will not be used as conductors for signal or power currents.

Signal, power and shield returns must be isolated from each other.

Signal and power returns must not be chassis grounded. Specific
requirements necessitating this practice must be approved by the

Spacecraft Project Engineer.

Shields will be grounded directly to the chassis at one end only.

All signal returns shall be rou_ed to the co_rnmunications (Case II)
chassis ground.

The shield return for a particular signal wire shall be carried
throughout the routing of the wire, i.e., past bulk-head connectors,
etc.

Test equipment, instrumentation, and launch equipment shall not tie
their chassis to the spacecraft power return, signal returns, or
shield returns.

2
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3.2.1.7.1 GSE and GSE cabling shah not be designed or utilized in such a

manner as to cause malfunction or improper operation of the space-
craft during test. GSE ground loops must be eliminated.

3.2.1.8 To prevent the generation of ground loops and system interference it

may be required to accept some degradation in spacecraft telemetry
or ground instrumentation.

3.2.1.9 If the load is not connected to a supply voltage (such as in some servo
loops), use shielded cable or twisted pair grounded at the source end.

3.2.1.10 RF circuit shields must be grounded at both ends with very short
ground leads. In long cable runs it may be necessary to ground RF
and video shields at intermediate points. If the shields are used for
electrostatic reasons, it will be necessary to open the shield between
ground points to prevent current flow in the shield.

3.2.1.11 Subsystems shall not directly intermix their signal returns. If direct
signal return transfer is necessary, isolation must be provided.
Otherwise, all signal returns must be routed to the communications
transponder for chassis grounding. Power measurements that are

routed to telemetry must isolate their grounds from the telemetry
signal return.

3.2.2 Shielding

3.2.2.1 Shielding of sensitive circuit cables should be accomplished as a
practical means of reducing the effects of stray fields. To be effec-
tive and practical, a shield must be electrically continuous and
flexible.

3.2.2.2 When shields are used in sensitive circuits, care must be exercised to

prevent stray currents induced in the shield from affecting the signal
carrying wires. Shields must be connected so that one shield will not

carry current from another shield. A pigtail is often connected
between the junction of several shields and ground, and therefore,
will carry many currents. This pigtail shall not be considered a
shield.

3.2.2.3 Unfiltered ac or dc control leads between components should always
use twisted shielded pairs ff these components are susceptible to, or
generate, RF interference. Normally, these shields should be
grounded at both ends.

3.2.2.4 Continuous shields, used in circuits where shielding is required for
radiations other than RF interference, must never be grounded at

both ends. If multiple grounds are required for electrostatic reasons,
the shield must be broken between ground points.

3.2.2.5 Under no circumstances shall shields be used as signal or power
return paths.

3
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3.2.3 Segregation

3.2.3.1 Conductors sensitive to audio interference should be categorized and
grouped according to the limits of interference which can be tolerated.
All of the conductors making up the circuit should be grouped together.
Circuits should be additionally categorized to identify them as sus-
ceptible or generating as to the type of grounding mechanism
employed.

3.2.3.2 Circuits sensitive to video and RF interference, although shielded,
can be further aided by proper cable design. Classification of these
circuits should be made on the basis of signal level and vulnerability
of the shield.

3.2.3.3 Interference sources should be categorized according to:

a. Single wire AC circuit

b. Balanced AC circuit

c. Twisted balanced AC circuit

d. High harmonic circuit

e. AC field sources

f. Strong RF and pulse cables

g. Moderate RF and pulse cables

h. Transient

3.2.3.4 Wherever objectionable interference, noise or magnetic fields are

expected, cancellation techniques such as intimate parallel wiring or
twisting of wires will be implemented.

3.3 Physical Requirements

3.3.1 Mechanical Connections

3.3.1.1 No feed-through terminal boards will be mounted in the top or bottom
of the hexagonal plenum. RF connectors are an exception.

3.3.1.2 Small, highly reliable items attached to the outer hex structure will
preferably make com_ection at the item by use of solder terminals.

3.3.1.3 Large, complex, or frequently removed items will make connection
by use of a connector.

3.3.1.4 Use of pigtails is generally incompatible.

3.3.1.5 If terminal boards are required by an item, the terminal board will
be mounted on the item and bonded to it where possible.

4
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3.3.1.6 Splices will be used to save weight and provide more connector pins.
Splices shall be employed to accomplish the above in the best manner.
However, splices will be confined to the semiflexible portions of the
cabling.

3.3.2 The cabling will avoid: the adverse condition of the midcourse motor
burning, disrupting the antenna pattern, and interfering with the sensors.
Further, test cables will be routed in a manner to preclude damage to
items such as sun sensors, etc.

3.3.3 Various heating effects will be considered in the design of the cables
such as heating by the sun or cooling by being in a shadow, current flow
heating in a vacuum and in the atmosphere, and temperature control
that will have to be provided.

3.3.4 To ensure reliability, 22-gauge wire will be the smallest wire used.

3.3.5 To control magnetic fields and to conserve weight, a number of related
circuits may use the same return.

3.3.6 To provide for growth in general, 10 percent empty pins will be pro-
vided in the connectors at the time the wiring diagram is released. The
same pins are to be provided on the outside. No spare wires will be
provided, however, except in those areas that may be specified.

3.3.7 No special effort will be instituted to reduce dc magnetic fields. If a
choice of otherwise similar methods is available, however, the method
which reduces the field will be used.

3.4 Fabrication Requirements

3.4.1 Connectors shall be shared by several subsystems if they are within
reasonable proximity to each other and the subsystems do not overflow
the connector. If several subsystems each have a small number of
wires, they will share the connector.

3.4.2 Some functional requirements can only be met by proper fabrication,
therefore the specifications listed under paragraph 2.1 shall be closely
adhered to.

3.4.3 Shielded and twisted wires will have the pins in close proximity to each
other.

3.4.4 Wires will be grouped in a connector by categorizing.

3.5 Environmental Requirements

3.5.1 The cabling will be designed to withstand the environment it will
encounter on the earth as well as that of space. It will satisfy the
environmental conditions called out in Specification 30201 as referred

to in paragraph 2.1.
Flight spare case harnesses are also subject to this requirement.
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3.5.2

3.5.3

3.5.4

3.5.5

.

4.1

4.1.1

4.2.2

The cable must withstand the manipulations attendant to installation and
removal. Every reasonable precaution is to be exercised during installa-
tion to prevent damage to the cable.

Normal manipulations of the cables shall be such as not to create a need
for jacketing.

Various parts of a single cable may be considered separately, i.e.,
flexible, semi-flexible, etc.

All cable assemblies must be capable of withstanding internal steriliza-
tion temperatures of 125°C for 24 hours and a 13 hour soak in ethylene
oxide-freon gas mixture used for external terminal sterilization.
Cables that are wrapped with thermal control tape must be wrapped
before heat sterilization. Cables that are assembled directly to the bus
or midcourse motor will be heat sterilized with these units. Spare
cables will have to be separately heat sterilized.

Quality Control Requirements

Absolute accuracy is the goal. Cabling will be tested against documents
approved by the cognizant cabling engineer and the appropriate sub-
system engineer. Continuity, insulation, and additionally designated
electrical parameters shall be tested 100 percent against pin assign-
ments to documents provided independently to Quality Control.

No cable shall be used until it has been accepted by Quality Control.

All portions of cables required to move in normal use shall be a flexible
type. This includes the portions that must be moved to be connected.
Complete physical inspection is necessary, as flight spacecraft will not
be compositely vibration tested.

DOCUMENTATION

Nomenclature

All designations for cables, harnesses, plugs, etc., shall originate with

the Spacecraft Project Engineer.

Details

All elements listed under electrical and physical requirements shall be
explicit, such as orientation of connector guides.

Physical and electrical preliminary documents will reflect best current
estimates.
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4.2.3

4.2.4

4.2.5

Timeliness will be achieved through schedule check dates for the follow-

ing events:

a. Establishment of physical packages

b. Establishment of physical packages locations

c. Block diagrams which recognize and designate connectors

d. Wiring diagram release

Layout, name, and wiring information will be periodically prereleased
to meet the needs of:

a. System test

b. Cognizant engineers

c. Field operations

d. Fabricators

e. Integration

Reproducible documents will be released coincident with completion of
the cable assembly for each individual spacecraft.
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APPROVED:

(Insert n Spocecroft Desig- Specification Book) System:_. /_. _.J

Subsystem: _)_ _ -

JET PROPULSION LABORATORY

Spec No RL-4-170

17 J_t962 __

FUNCTIONAL SPECIFICATION

RANGER RA-6 THROUGH RA-9 SPACECRAFT

VEHICLE INTEGRATION

II

1.0 SCOPE

The functional requirements for the integration of the Ranger A-6

through A-9 spacecraft with the Atlas-Agena system are covered

ix,JPL Specification No. 30947, Detail Specification, Ranger

Follow-On S__cecrsdt, .Vehicle System Integration, Requirements

and Restraints.

Pc_ge _ _)f 1



(Insert in Spacecraft Design Specification Book) APPROVED:

System: )_/_ ,/_, }_ b_,_

Subsystem. _/_"

JET PROPULSION LABORATORY

Spec. No RL-4-180
15 October 1962

FUNCTIONAL SPECIFICATION

RANGER 6 THROUGH 9 SPACECRAFT

FLIGHT EQUIPMENT

TELEVISION SUBSYSTEM

SCOPE

This specification shall serve to define the functional performance of the
TV Subsystem of the Ranger 6 through 9 spacecraft. This subsystem
primarily consists of that equipment carried on the spacecraft for the
purpose of obtaining high resolution lunar video pictures.

APPLICABLE DOCUMENTS

The following documents form a part of this specification:

SPEC_'qCATIONS

Jet Propulsion Laboratory

Spacecraft Design Specification Bookj

Ranger 6 through 9

30880 Design Specification, Ranger TV

Subsystem

Page ! of 34
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3.2

DRAWINGS

Jet Propulsion Laboratory

J 315 1940 Interface, Ranger Spacecra_and RCATV
Subsystem

REQUIREMENTS

General

The Ranger TV Subsystem shall provide equipment necessary for the
terminal video phase of the Ranger TV mission. The Ranger TV
mission (RA6, 7, 8, 9) is to obtain high resolution video pictures

of a selected portion of the lunar surface. The TV Subsystem shall, as
a part of an impacting vehicle, view the lunar surface through one-inch
vidicons, and translate the lunar scene into video which shall be trans-

mitted to Earth, along with telemetry data to indicate spacecraft opera-
tion. The TV Subsystem remains structurally attached to the Ranger
Spacecraft throughout the entire mission; however, it is electrically
complete and independent with the exception of instructions via the space-
craft command receiver or Central Computer & Sequencer (CC&S) ,
stabilization, and the use of the high-gain antenna. The spacecraft/TV
subsystem configuration is shown in Figure 3.1-1 (with thermal shroud)
and 3.1-2 (without thermal shroud). The components of the subsystem
and locations are shown in Figures 3.1-3 and 3.1-4.

Weight The weight of the assemblies and the total weight of the sub-
system shall not exceed that specified in the Design Parameters and
Reference Designation Functional Specification, RL-4-120.

Service Conditions

TV Subsystem

The TV Subsystem shall be capable of satisfactory operation when sub-
jected to the environments specified in the Design Characteristics
(RL- 3-110) and Design Restraints (RL- 3-120) Functional Specifications.

Performance

Over-all Performance Characteristics

The Ranger TV Subsystem shall be required to operate in three

different modes, cruise, terminal, and emergency. It shall supply
channel 8 (IRIG) telemetry to the spacecraft telemetry system during
cruise mode, composite video and 225 kc telemetry to the spacecraft
high-gain antenna during terminal mode, or PAM telemetry to high-
gain antenna during emergency mode, if required. The transmission

frequency allocation for the entire mission are shown in Figure 3.4.1-1.
The components of the flight equipment of the Ranger TV Subsystem are
listed in RL-4-120.
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3.4.1.1

3.4.1.2

3.4.1.3

Cruise Mode

Cruise mode operation shall furnish data from the 15-point commu-
tator of the telemetry assembly to the spacecraft data encoder for
transmission to earth. It shall normally be activated 16.1 hours

after launch by a command stored in the Central Computer and
Sequencer (CC&S). If the CC&S should fail to activate the cruise

mode telemetry, the equipment will be turned on by warmup com-
mand from earth, the first real time command (RTC-7). The warm-
up command is given in the terminal mode, 15 minutes before
impact.

Terminal Mode

Terminal mode operation shall furnish a dual channel, FM signal
in the 960 Mc band. Each channel shall contain composite video and
225 kc telemetry data from the TV Subsystem communication and
telemetry assemblies, respectively. The Terminal Mode shall be
activated approximately 15 minutes before impact with a CC&S

command (Warmup). The CC&S command is backed up by a RTC-7
command. After a 5 minute warmup, the system goes to full power
and transmits the dual channel signals to earth. The switch to full

power is commanded by an internal sequencer with a CC&S backup.

Terminal mode shall furnish TV pictures of the lunar surface. The
pictures shall vary in resolution as a function of altitude, and shall

culminate in a resolution between 0.2 meters and 0.5 meters per
optical line pair from the last transmittable picture before impact.
At 2 minutes before impact the high resolution video is switched onto
both channels for redundant transmission to earth.

Emergency Mode

Emergency mode operation shall furnish narrow band telemetry in
the event that terminal mode video cannot be received. It shall be

activated, if required, by a second RTC-7 (Emergency ON), applied
via the spacecraft command subsystem. If the failure of normal
operation is corrected, emergency mode can be inhibited and nor-

mal operation re-established by a third RTC-7 (Emergency Off}.

Individual Equipment Performance Characteristics

TV Cameras

The TV cameras of the Ranger TV Subsystem are comprised of two
wide-angle and four narrow-angle cammeras to obtain television

pictures of the lunar surface prior to impact. The wide-angle
cameras are full-scan, or F type; they will operate alternately
during the first 8 minutes of the 10-minute terminal mode. The

narrow-angle cameras are partial-scan, or P type; they will operate
in sequence throughout the terminal mode. The fields of view of
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F-type cameras A and B shall contain the fields of view of the

P-type cameras as shown in Figure 3.4.2-1. P-type cameras
1, 2, 3, and 4 shall be arranged to satisfy the requirements for
picture nesting, with the overlap of the fields of view centered on
the spacecraft velocity vector. Each camera shall consist of a

camera assembly and a camera electronics assembly. Each camera
shall have a high-quality optical lens and a slit-type shutter to con-

trol exposure of its 1-inch vidicon. Additionally, camera A shall
have a color filter wheel for obtaining color images of the lunar
surface. Sync and control signals for the cameras shall be provided
by the control programmer and camera sequencer assembly, and the
amplified video output from each camera shall be fed to a video com-

biner assembly for transmission. The F-type camera outputs will
be used to modulate the channel A transmitter (No. i) during their
8-minute operation. The P-type camera outputs will be used to

modulate the channel B transmitter (No. 2) throughout the 10-minute
terminal mode. Thirteen minutes after the warmup command the
P-type camera outputs are simultaneously switched to the channel A
transmitter for redundant picture transmission. See Table I for

camera characteristics. Figure 3.4.2-2 shows a block diagram of
the camera system.

Table I. Summary of Camera Characteristics

Characteristic Cameras A and B Cameras 1, 2, 3, and 4

Aspect Ratio

Active Scan Area

Line Rate

Horizontal Line Time

Horizontal Blanking

Frame Rate

Frame Time

Vertical Blanking

itol

0.44 x 0.44 in.

450 cps

2.22 millisec

0, 22 millisec

0.39

2.56 sec

46.6 millisec

Itol

0.11x 0. II in.

1500 cps

666.6 microsec

Iii. 1 microsec

5 cps

0.2 sec

6.6 millisec

Group Vertical Blanking

Video Bandwidth

Optics

200 kc

75 mm/F2

Shutter Speed 5 milliseconds

40 millisec

200 kc

75 mm/F2

4 milliseconds

9
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Figure 3.4.2-1. TV Camera Scan Areas
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COLOR WHEEL

[_ CAMERA A

[_ CAMERA B

_ CAMERA I

[_ CAMERA 2

[_ CAMERA 3

[_ CAMERA 4

CONTROL
PROGRAMMER

AND CAMERA
SEQUENCER

SEQUENCER
POWER

SUPPLY

VIDEO

COMBINER

j
_ 7 T"A"s"'TT"' l

i CAMERA

SWITCHOVER
FUNCTION

-_ TRANSMITTER 2 I

Figure 3.4.2-2. Block Diagram of TV Camera System Integration
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3.4.2.2 TV Camera Sequencer Group

The TV Camera Sequencer Group of the Ranger TV Subsystem con-
sists of a video combiner, control programmer and camera sequen-
cer, and sequencer power supply. The group shall generate synch-
ronizing signals for the full and partial scan cameras, control
switchover from the full to the partial scan cameras, and control

color filter wheel positioning for full scan camera A. It shall com-
bine the camera video with sync and tone code signals, and apply the
signals to the RF transmitter as composite video. The tone code

signals shall identify the camera and type of color filter in use in
accordance with Table II. Figure 3.4.2-3 shows a functional block
diagram of the camera sequencer group.

Table II. Tone Frequencies and Codes

Description Tone Code

Red Filter

Green Filter

Blue Filter

Neutral Filter

Camera B Frame

Fast Frame Group

Camera A-B to Camera
1-2-3-4 Video

A - 144 kc

B - 162 kc

C- 180 kc

B+C

A+C

A+B

A+B

3.4.2.3 Batteries

The Batteries of the Ranger TV Subsystem shall provide all neces-
sary electrical power to operate the subsystem during the prelaunch
checkout and ensuing lunar mission. The TV Subsystem shall
employ two parallel wired batteries, each battery being capable of
providing the total power requirement for the mission, v Each
battery shall consist of 22 series-connected, silver-zinc oxide cells,

a temperature transducer, and a thermostatically controlled heater.
An external switch shall be provided to control power to the heater

* On Ranger 9 only, a single battery will be employed.

12
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and thermostat. A connector provides facilities for monitoring the

individual cell voltages, temperature transducer output, and for
applying power to the heater circuit. The heater thermostat shall
maintain the battery temperature within 72 +4°F and 81 ±5°F through-
out the planned mission. Each battery shall provide a minimum
nominal capacity of 1600 watt-hours and a time-discharge profile
sufficient for the requirements of the mission as shown in Tables
wI and IV.

Table ]I[. Discharge Time Profile (Simulated Mission)

Discharge
Current

(amps)

17.601-0.05

0.140±0.02

17.20 ±0.05

28.30 ±0.05

Dis charge
Time

5 minutes

50 hours

5 minutes

10 minutes

Minimum Terminal

Voltage
(vdc)

-30_45

-30.45

-30.45

-30.45

Table IV. Storage Characteristics

Storage Temperature
(OF)

30

60

90

120

Storage Time
(Months)

4

4

3

2

Capacity Loss
(% per Month)

0. I

0.3

6.6

27.0

14
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3.4.2.4

3.4.2.5

3.4.2.5.1

Voltage Regulators

The Voltage Regulators of the Ranger TV Subsystem are designed to
assure the specified regulated primary power is applied to the TV

Subsystem equipment as the batteries are discharged through use,
or in the event that a single battery should fail. Two types of regu-
lators are required, one for high current and one for low current.

The high-current voltage regulator shall be capable of maintaining
an output voltage of 27.50 _L0.50 vdc for input voltage variations
from 30.5 to 36 vdc and output current variations from 0.5 to 5.6
amperes. This power shall be made available to the communications

system, the control programmer and camera sequencer, cameras,
and associated electronics equipment. The high-current voltage
regulator shall also provide connections for the unregulated power
requirements, 30 amperes of current at 0.75 to 1.25 volts less than
the applied battery voltage. The unregulated power shall be made
available to the communication equipment and camera shutters. It
shall utilize two silicon-controlled rectifiers to assure that one

shorted battery will not discharge the other. The low-current volt-

age regulator shall be capable of maintaining an output voltage of
27.50 _0.50 vdc for input voltage variations from 30.5 to 42.0 vdc

and output current variations from 0. 140 to 0. 360 amperes. This
power shall be made available to the telemetry equipment. The
low-current voltage regulator shall provide I ampere of current at
0.75 to 1.25 volts less than the applied battery voltage. This power
shall be made available to the command switch. The low current

regulator shall use silicon diodes to assure that one shorted battery
will not discharge the other.

Telemetry Equipment

The Telemetry Equipment of the Ranger TV Subsystem shall consist
of cruise and terminal mode telemetry elements. A block diagram
of the telemetry equipment is shown in Figure 3.4.2.5-1.

Cruise Mode

Cruise mode telemetry shall be activated by a prestored command
from the Central Computer & Sequencer (CC&S) which connects the

TV Subsystem batteries to the low-current regulator. DLring the
cruise mode, a 15-point sampling switch operating at a rate of one
point-per-second shall be used to sample the critical temperatures
and voltages shown in Table V. The output of this switch shall be

used to drive a channel 8 IRIG subcarrier oscillator. An ac ampli-
fier and transformer shall be used to connect the oscillator output
across the spacecraft interface where it shall be mixed with other
telemetry signals for transmission by the spacecraft telemetry
system.

15
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Table V. 15-Point Telemetry Data

Commutator

Position Function

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Unreg DC (Cruise)

-27.5 VDC (Cruise)

Bait A Int. Temp. No.

Bait B Int. Temp. No.

Bait A Voltage

Bait B Voltage

Structure Temp. No. 9

Structure Temp. No. 11

Xmtr A Pwr. Output

Xmtr B Pwr. Output

Partial Full Timer

C. Full Scale Ref.

C. Zero Ref.

Not used

Not used

8

i0

17
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3.4.2.5.2

3.4.2.5.3

Terminal Mode

Terminal mode telemetry shall be activated 5 minutes before TV

subsystem full power activation (15 minutes before impact) by a
warmup command from the ground station (RTC-7) or a warmup
command from CC&S. A 90-point sampling switch operating at a
rate of 3 points-per-second shall sample subsystem parameters to
provide the detailed diagnostic telemetry shown in Table VI. The
output of this switch shall drive two 225-kc voltage-controlled
oscillators connected in parallel. The output from one oscillator

shall be summed with the video at the input of transmitting channel
1 (channel A); the output of the other oscillator shall be summed

with the video at the input of transmitting channel 2 (channel ]3).
At ten minutes before impact, full power operation shall be activa-
ted by a command which shall energize the power amplifiers in
both transmitters, transmitting the data to Earth via the spacecraft
high-gain antenna.

Emergency Mode

An emergency mode shall be provided to permit the ground station

to receive the terminal mode telemetry in the event a system mal-
function prevents normal reception. This mode shall be activated
by a second RTC-7 from Earth. In this mode, the video and 225-
kilocycle telemetry signals are switched out and the 90-point ter-
minal mode telemetry signals are used to pulse-amplitude modulate
(PAM) the transmitters directly.

Communication Equipment

General

The Communication Equipment of the Ranger TV Subsystem shall
consist of two similar transmitting channels and an RF combining
section. Each channel shall consist of an L-band FM transmitter,
intermediate power amplifier, 60-watt power amplifier, signal
sampler, telemetry processor, and transmitter power supply. A
4-port hybrid ring, in the RF section shall be used to mix the out-

put of the two transmitting channels, the combined output being fed
to the spacecraft RF coupler. A dummy load shall be included in
the RF equipment to dissipate the combining loss. Each trans-
mitter shall contain a mod,_ator, two frequency multipliers, and
an intermediate power amplifier. The transmitters shall operate
within the frequency bands specified in Figure 3.4.1-1. Each
transmitter shall operate within a bandwidth of approximately 900
kc with the output of the channel A and channel B transmitters
centered at 959.52 and 960.58 mc, respectively. A 160 kc band
between the transmitter output frequencies is reserved for the
spacecraft transponder transmitter. An over-all block diagram of
the communications equipment is shown in Figure 3.4.2.6-1.

18
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Table VI. 90-Point Telemetry Data

Commutator

Position Function

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Vert. Sweep

Horiz. Sweep

Grid 1 and Focus Current

+1000 and +300 VDC

Shutter and Lamp

Vidicon and Nuvistor
Filament Current

Not Used

Vert. Sweep

Horiz. Sweep

Grid 1 and Focus Current

+1000 and +300 VDC

Shutter and Lamp

Vidicon and Nuvistor
Filament Current

Not Used

Vert. Sweep

Horiz. Sweep

Grid 1 and Focus Current

+I000 and +300 VDC

Shutter and Lamp

Vidicon and Nuvistor
Filament Current

Not Used

Vert. Sweep

Horiz. Sweep

Grid 1 and Focus Current

+1000 and +300 VDC

Shutter and Lamp

Vidicon and Nuvistor
Filament Current

19
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Table VI. 90-Point Telemetry Data (Cont' d}

Commutator
Position Function

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

Not Used

Vert. Sweep

Horiz. Sweep

Grid 1 and Focus Current

+1000 and +300 VDC

Shutter and Lamp

Vidicon and Nuvistor
Filament Current

Not Used

Vert. Sweep

Horiz. Sweep

Grid 1 and Focus Current

+1000 and +300 VDC

Shutter and Lamp

Vidicon and Nuvistor
Filament Current

Not Used

Elec. Box Temp. No. 2

Batt A Case Temp. No. 4

Batt B Case Temp. No. 5

Not Used

Not Used

-Unreg DC

-27.5 VDC

Structure Temp. No.

Structure Temp. No.

Structure Temp. No.

12

13

14

Structure Temp. No. 15

SCR No. 1 Gate

SCR No. 2 Gate

Unreg DC On

20



RL-4-180

Table VI. 90-Point Telemetry Data (Cont'd)

Commutator
Position

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

Function

Sw Pos. Zero

Sw Pos. Warmup

Sw Pos. Emerg.

Sw Pos. Emerg. Off

FTFF No. 2

Not Used

Osc A

+12 VDC Partial

- 12 VDC Partial

Osc B

+ 12 VDC Full

- 12 VDC Full

FTFF No. 1

PRFF No. 1

PRFF No. 2

P1 Video Output

P2 Video Output

Full Video Output

Pwr. Ampl. No. 1
Heat Sink Temp. No. 6

A RF Pwr. #1

I000 VDC To Comm. A

Xmtr A Output

Fwr. Ampl. _+h r,1,-_nt
to Comm.

Transmitter Heat Sink

B RF Pwr. $2

i000 VDC To Comm. B

Xmtr B Output #I

Pwr. Ampl. Cath. Current
to Comm.

21
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Table VI. 90-Point Telemetry Data (Cont'd)

Commutator

Position Function

85

86

87

88

89

90

Camera Housing Temp.
No. 1

Camera Electronics

Temp. No. 2

Full Scale Ref.

Zero Ref.

Not Used

Not Used

22
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3.4.2.6.2

3.4.2.6.3

System Operation

During the planned mission, the warmup signal, a real time com-
mand from the ground station or a preprogrammed signal from
CC&S, occurs 15 minutes before the Ranger spacecraft impacts on
the surface of the moon. This signal applies the battery output to
the high current regulators. The 27.5 vold dc output from the high
current regulator and the unregulated battery output is supplied to
the communication equipment to start equipment warmup. At 10
minutes before impact, a signal from the spacecraft CC&S, or the
TV Subsystem camera sequencer causes relays in the transmitter
power supplies to apply high voltage to the intermediate and 60-
watt power amplifiers. The power amplifier outputs from the two
transmitters are mixed in a 4-port hybrid ring, the output of which

is processed through the spacecraft recoupler and fed to the high-
gain antenna for transmission to Earth. During the first 8 minutes
of the terminal mode, channel A is modulated by the 225 kc tele-
metry signals from the telemetry equipment and the video from the
A and B cameras. During the last two minutes of the mission, the
video from the A and B cameras is not used, and the video from
cameras 1 through 4 and the 225-kc telemetry signals are used to
modulate the transmitter. Channel B is modulated by the video
from cameras 1 through 4 and the 225 kc telemetry signal until
impact. The outputs from the video combiners will be such that a
pre-emphasized video signal of 0 to -1 volt dc will be supplied at
the junction of the summing resistors R1 and R2 in the modulator.

The maximum signal voltage will correspond to a highlight bright-
ness of 1250 foot lamberts. In the event that a malfunction in the

spacecraft prevents the ground station from receiving the video
signals, a real time command from the ground station may be used
to advance the command switch one position and put the system into
the emergency mode. In the emergency mode, the video and 225 kc
telemetry inputs to the transmitters are switched out and terminal

mode PAM telemetry data is transmitted over the high-gain antenna
using both transmitters operating on full power. If the malfunction
is corrected after the emergency mode has been activated, a real
time command from the ground station may operate the command
switch to place the subsystem back into normal operation. A trans-
mitting channel block diagram is shown in Figure 3.4.2.6-2.
Thermal considerations of the transmitters is shown in Figure
3.4.2.6-3.

Power Output

Each transmitter power supply, during operate, shall have the
following output characteristics with -29.5 volts dc at the input:

a.

b.

C.

+1000 volts dc 4-5 percent, at 130 milliamperes

-750 volts dc +5 percent, at 70 milliamperes

+250 volts dc ±5 percent, at 20 milliamperes

24
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Figure 3.4.2.6 - 3. Heat Sink Temperature and Power Output vs. Time
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3.4.2.6.4

3.4.2.7

3.4.2.7.1

3.4.2.7.2

de

e.

f.

+100 volts dc ±5 percent, at 300 milliamperes

6.1 volts ac ±5 percent, at 1 ampere

6.1 volts ac ±5 percent, at 1 ampere (insulated for
2.5 kilovolts)

All of these voltages will be applied to the transmitters during
"on-pad" check-out with the exception of the +1000 VDC. However,

the +1000 VDC will be generated in the power supply at this time,
even though it is not applied to the transmitters.

Prelaunch Operation

The TV Subsystem may be exercised prior to launch by access to
the command switch via a hard line connection. A simulated real

time command (RTC-7) will permit the subsystem to be placed in
the warmup, emergency, and emergency off modes. During pre-
launch operation and checkout, the power amplifiers are inhibited
by a connection in the hard line and the power output is reduced to
50 milliwatts per transmitter. After the prelaunch check, the
command switch is returned to the zero position where it can
accept a turnoff command via the hard Line, a function not avail-
able for the operational mission.

Command Switch and Control Circuits

The Command Switch and Control Circuits of the Ranger TV Sub-
system shall transfer real time commands (RTC-7) and stored,
preprogrammed commands from the spacecraft CC&S, and sequencer
to the TV Subsystem. Commands are in accordance with TaMe VII.

RTC-7 and Command Switch Functions

The RTC-7, which is a 150 millisecond contact closure received
by the spacecraft command subsystem, shall activate a command
switch amplifier which shall provide a 4-ampere pulse to operate
the command switch. The pulse shah cause the 4-position com-
mand switch to advance one position, making and breaking the 4
sets of contacts associated with each command switch position,

providing the functions shown in Table VHI. A simplified schematic
of the command switch is shown in Figure 3.4.2.7-1.

Preprogrammed Commands and Control Circuit Functions

In addition to the applicable commands shown in Table VII, addi-
tional monitoring circuits shall be provided to indicate application
of regulated and unregulated power.
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Table VIII. Command Switch Functions

Switch Position

Zero

Warmup

Emergency

Emergency Off

Function

The starting position, battery output not

applied.

Turns on high - current regulator.

Activates the cruise mode relay.

Indicates command switch position via

telemetry.

Maintains the warmup signal.

Energizes emergency mode relays.

Indicates command switch position.

Maintains the warmup signal.

Deenergizes emergency mode relays.

Indicates command switch position.

Table IX. Spaceframe Structural Characteristics

Characteristics Value

(see RL-4-120)Weight

Mass Moments of Inertia

I
ZZ

Center of Gravity

Z

X

Y

2
25 slug ft. (max)

2
25 slug ft. (max)

2
3.5 slug ft. (max)

Station 457.00 to station 460.00

i" radius of Z axis

1" radius of Z axis

(See JPL Drawing J 3151940)
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3.4.2.8.2

3.5

3.5.1

Structural and Thermal Design

Structural

The basic structure for the Ranger TV Subsystem flight payloads
shall consist of the load carrying members which will be joined to
the appropriate mounting locations on the Ranger Spacecraft.
Mounting locations and attachment points shall be provided on the
basic structure for the payload equipment assemblies and for the
spacecraft omnidirectional antenna. The external appearance of

the structure shah be that of the frustrum of a right cone topped by
a cylindrical section. The primary strength of the structure shall
be provided by an interior box spar consisting of stiffened panel
sections supported by four longerons. Structural characteristics
are summarized in Table IX.

Thermal

The temperature control of the TV Subsystem shah be entirely
passive. A thermal shield and fins, with appropriate surfaces and
finishes, shall be used to control the radiative exchange of energy
between the TV Subsystem and other sources (or sinks) of thermal
energy. The thermal mass of the basic structure shah be used as

the primary heat sink for the energy dissipated during the terminal
mode of operation of the TV Subsystem. During cruise mode opera-
tion, the control of the Ranger TV Subsystem temperature shall be
such that the equilibrium temperature of the assemblies mounted
in the conical section of the inert payload shah be approximately
10°C, and the temperature of the mounting structure for the heads
of the camera assemblies shall be approximately 20°C. At the con-
clusion of the 15-minute period of terminal mode operation, includ-
ing 5 minutes of warmup, the temperature of the mounting struc-
ture for the equipment assemblies shah not exceed 35°C for the

cameras (vidicons) and approximately 60°C for all other equipment
assemblies.

Temperature Sensors

The TV Subsystem temperature sensor assembly, including 23 associa-
ted thermistors, shall detect the temperature within the Ranger space-
craft at 15 preselected !ocat!ons_- The assembly shall translate these

temperatures into voltages for transmission through the telemetry
system to the ground station.

Low Range Temperature Sensor Circuit

The low range temperature sensor circuit shall monitor seven thermis-
tor locations. The thermistor locations are shown in Table X.
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Table X. Low Range Thermistor Locations

Thermistor
Number Location

1

2

3

4

5

8

10

Front housing of camera A

Frame 2 of assembly A-7

Camera mounting bracket

Battery case A-10

Battery case A-11

Inside battery case A-10

Inside battery case A-11

3.5.1.1

3.5.2

3.5.2.1

3.5.2.2

Operational Periods

The measurements obtained from thermistors 8 and 10 shall be

transmitted to the ground station during the cruise mode. The
measurements from the remaining five thermistors shall be trans-
mitted to the ground station during the terminal mode.

High Range Temperature Sensor Circuit

The high range temperature sensor circuit shall monitor eight thermis-
tor locations. The thermistor locations are shown in Table XI.

Operational Periods

The measurements obtained from thermistors 9 and 11 shall be

transmitted to the ground station during the cruise mode. The
measurements from the remaining six thermistors shall be trans-
mitted to the ground station during the termhial mode.

Operating Time

The assembly shall be turned on 16-1/2 hours after launch, and

shall continue to operate until impact, or approximately 66 hours
after launch.
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Table XI. High Range Thermistor Locations

Thermistor
Number Location

6

7

11

12

13

14

15

A quarter of an inch below power amplifier
A-20, near +x axis

A quarter of an inch below power amplifier
A-15, near the -x axis

On the top cylindrical thermal shield, 12

inches from the top of the assembly on the
-y axis

Ten inches above the interface on the shield,
near the +y axis

Ten inches above the interface on the shield,
near the -y axis

On the bottom bulkhead, near the communica-

tion power supply and the center structural box,

in the quadrant bounded by the -x and the -y
axes

On the second bulkhead,

shield, near the -y axis

On the second bulkhead,

shield, near the +y axis

one inch from the

one inch from the
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3.6 Signal Input and Output Summary

The interface for the JPL/RCA connections is shown in Table XII.

Table XII. RCA/JPL Interface (30J1 and 30P1)

C onne ctor

30J1

Function

Full Power On Ret

Full Power On

Fit. Relay Control

System Turnoff

Charger Negative

Function

Monitor Battery A

Monitor Battery B

Monitor Ret

Warmup CC&S

Warmup Ret

DC Ret

Spare

Spare

Spare

Spare

Spare

Spare

Spare

Spare

Cruise On CC&S

Cruise On Ret CC&S

Real Time Command

Real Time Command Ret

RTC-7 Simulate (hard line)

Telemetry Shield

Cruise Telemetry

Cruise Telemetry Ret

30P1 RF Output, RG87A/U

Spacecraft Omni
Antenna Cable

Cable Type RG87A/U
(JPL furnished)
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_Inser'_n S_acecraP. Design Speed,cat;on Book) APPROVED

JET PROPULSION LABORATORY

Spec. Ne RL-4-210

22 February 1962

FITNC TIONAL SPECIFICATION

RA- 5 TI!ROUGH RA- 6 (P52 THROUGH P53) SPACECRAFT

SCIENTIFIC t_STRUMEN _S

le

1.1

:=:._..._i:_ I , ,

SCOPE

III I] II I

2_is specification covers the functional requirements for a radiation

detection scientific instrument for Ranger spacecraft RA-5 and/or RA-6.

The primary purpose of _his instrument is to provide data on radiation
levels during _ights to _he moon.

1. _- Descr_

The radiation de_ection instrument will consist of an ionization chamber

-,- ..... ,1_ =_.=_Q,,,_ fhe total Lnte_ra_ed radiation.

APPLtCABL E DOC/; MEN TS

The following doc_rnents form a part of this specification.

SPECIFICATIONS

Jet P roi_ulsion L abo rajo r__!v

Spacecr._: Desi&,n Sf,'ecification Book
RA- 6 Through RA--'-_

JPL i4_072

Page i of 4
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% HEQtTiRE ME N TS

2 1 ,eneral

The radiaih:,n experimen: will detect and conver,, to usable electrical
signals informa_i,m on particle radiatic'n at near-earth, cislunar, and

near lunar space and continue zo operate until spacecr..,ft lunar impact.
The generated signal shall be rou_ed through a signal shaper circuit
to prepare it for telemetry {see fignJre 1).

3. I. t Electrical Power

This experiment wilt be powere,i fr,.,m an iso}ated transformer-

rectifier; which is powered m t_;r:_, f:'on-, _' e" ,n. main spacecraft power
source through a DC to AC inverter .'o_ov_ded for this _._,,-,c*{o,__,,.... ....... The

....... d i00 m '_':'4"_...... =total power required shall not exc, _, _,_.... a .....

3. i.2 We_

The combined weight of the sen_or, i_s comalners the .:ransfurn_er-
. ._rectifier, and mounting b:-az:ke*.ry, sha,_ no_ exceed :he amount ailoted

in tim Desi_n_ Parame', er Ft,.ne: i_,_',:a:. Spec i ficati..n {EL-. 4-t20).

3.1.3 Thermal

The sensors shall be finished in su,.:h a manner as to exhibi_ a

thermal environment compatible with the thermal requirements of
their components. In accomr_lishing this requirement, the sensors
will be subject, to _he Thermal Control Func+_ionai Specification.
EL- 4 - 540.

3. I. 4 Size and Confiffi_ya, ion

The sensors shall be packaged in *.heminlrnun:, voldn:e and shall be

mounted such as no.', to interfere with tee op_icai sight line of r}le

television subsystem.., re_or_nce.. RL-4- _,,."' 0. Television S_b_s_n,_:" ._.......
Functional Specificat ion.

3.1.5 T___esting and Operation

External access connectors may be mounted directly on the sensor,
test signals may be returned directly from Case III.

or-

3.2 Functional Description of the I:_,:egrating Ionization Chamber Experiment
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?, 2. !

3.2.2

3.2.3

D(scri:_rion

T}-:_, detector for {}-;e: Jn'_egP:-<ing _-m_z'a_;m (h_;n-ber _:_xpe:'in2e"_{ is a

quar-zz fibe_" v ,_. . ,-F ,_ P "m_, 1-._i:!_,_n', ne N_:.heg t_,-;_{. <: ms:sis c,'f a t}-in

..... shell i'll led ",,:'; at ,spherical rr.,<,,_ ,,a_,_ gas a _rcssure of several

atmospheres. The, _:a]i thickness is such .'.ha_ protons above !g} mev

in energy and electrons ab{,ve 0.4 mev ,-'an pass thrcugh in,'.o _he gas.
A voltage is maintained between a cviindr*cal c_)llec', in .g electrode

inside the chamber and "he external spher_cai wal,. This voltage is

high enough to cause the c{)]tec_,ion of ali of the chargec_ par.:c_es

created in the gas by the incident ionizing ,Padiazions. When a

precatibra_ed am_)unt of <barge is cc_lle,:ted, the quar_.z fiber system

ac'_ivates a recharging, .P_dSe fron_ :he: v:ha,mb{:r power s,,p,, p,,]v. T'he

time interval between recha-gin_ p_:2se_ is inversely prcq)ortional

_o ihe ra{:!.,a_.on dose ra'e. The recharging pu_se .'s apnp!ifi_:'d and

shaped prior *,(:;_ransmissi{m by telemetry.

Dala

a. D}mamic Range:

b. Time Res _ *{.}ilI .ion:

c. Sampling Rate:

d. Duration of Data Acquisi*.ion:

1 pulse ;)er' hour ',o 30U pulses per' sec.

]h< :in:e a_ whi,,h a pulse oucurs

sh,.)ulc, bc known to wilhin I sec.

Cont inu,)us.

Da!a sbc_uld be recovered for the

entire portion {_'fthe trajectory,

(with the exception of the time

required for _}-.,emidcourse maneuver}.

from 24 minutes af,'er launch.

Location on S.pacecraf_

The sensor will be located beneath leg D between Case Iii and Case IX,'.

The inverter, _ransformer-rectifier and signal c_:,nditioning modules

will be located in Case 1It.

The sensor should be i()cated in a pv,sition *hat will provide a n-..aximuw

xdew of the sun and moon within the cons_rainzs ,,,i"sl)acecraf t.design.

It sho_ald also he placed as lap away from the r_ain mass of the space-

crab as possible in order to minimize the effect of secondary radiation

produced in the spacecraft.



(Insert in Spacecraft Design Specification Book) APPROVED:

System: J/Y_,/_. _

Subsystem: _ _'g _'_.,_.,."__

JET PROPULSION LABORATORY

REVISED AND REWRITTEN

Spec. No. RL'4"211 A
15 June 1963

SUPERSEDES:

Spec. No. RL-4-21_
22 February 1962

FUNCTIONAL SPECIFICATION

RA-"/ THRU RA_9 (P54 THRU P56) SPACECRAFT

_LIGHT EQUIPMENT

IONIZATION CHAMBER AND GEIGER-MUELLER COUNTERS

1.0

I.i

SCOPE

This apectflcatLon covers the functional requLrements of two sclenttflc
instruments for Ranger spacecraft RA-7 through RA-9. The primary
purpose of these instruments Ls to provide data on radiation levels due

to energetic radiations during fLtghts to the moon.

1.2 Des crtpUon

The two instruments are:

a. An Ionization chamber to measure total Integrated radlatlon

bD Three Getger-Mueller counter tubes to measure charged particle
flux in various energy ranges

The experiments have been chosen to aid in gaining data for application to
subsequent manned lunar flights and to gather data of general sctentlfLc
interest. The experiments will be left on throughout the entire flight

Page 1 of 6
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3.0

3.1

3.1.1

3. 1. _

3.1.3

3.1.4

subsequent to their turn-ona with the exception that the telemetry channel

assigned to scientific data will be used to telemeter engineering data dur-

ing the midcourse maneuver. This maneuver occurs at a range of approxi-
mately 110, 000 miles from the earth and lasts for no longer than 1 hour.

APPLICABLE DOCUMENTS

The following documents form a part of this specification:

SPECIFICATIONS

Jet Propulsion Laboratory

Spacecraft Design Specification Book
RA- 6 through RA- 9

REQUIREMENTS

General

The science experiment sensors will detect and convert to usuable elec-
trical signals energetic radiation at near-earth, cislunar and near lunar

space and continue to operate until spacecraft lunar impact. The gener-
ated signals shall be routed through the Data Conditioning subsystem for
telemetry processing. See figure 1.

Electrical Power

The experiments are powered from an integrated transformer rectifier,

which is powered, in turn, from the main spacecraft power sources
through a dc to ac inverter provided for this function. The total power
required will be 500 mw.

Weight

The combined weight of the sensors, their containers, and the trans-

former-rectifier shall not exceed the amount allotted in the Design
Parameter Functional Specification RL-4-120.

Thermal

The sensors shall be fabricated tn such a manner as to exhibit a thermal
environment compatible with the thermal requirements of their com-

ponents. In accomplishing this requirement, the sensors will be subject
to the Temperature Control Subsystem Functional Specification RL-4-540.

Size and Configuration

The sensors shall be packaged in the minimum volume and shall be

mounted such as not to interfere with the optical sight line of the

2



_ JPL Spec. No. RL-4-211 A

0

_CF

_o_

I-4

o
I.-4

Z
0

.'1

Z

0

D _nor_ _

I11

Q/

0

o

o

*,',I

0
0

m



JPLSpec. No. RL-2-211 A

3.1.5

television subsystem, reference RL-4-180, Television Subsystem

Functional Specification. The sensors should be oriented to provide
maximum view of the sun and moon within the constraints of space-
craft design.

Testing and Operation

External access connectors may be mounted directly on the sensors, or

test signals may be returned to the Data Conditioning subsystem, such
that direct access connections may be brought out of its case (Case HI).

3.2 Functional Description of the Integrating Ionization Chamber Experiment

3.2.1 Description

3.2.2

The detector for the integrating ionization chamber experiment is a
quartz fiber instrument of the Neher type. It consists of a thin spherical
metal shell filled with gas at a pressure of several atmospheres. The
wall thickness is such that protons above 10 Mev in energy and electrons
above 0.4 Mev can pass through into the gas. A voltage is maintained
between a cylindrical collecting electrode inside the chamber and the

external spherical wall. This voltage is high enough to cause the collec-
tion of all of the charged particles created in the gas by the incident
ionizing radiations. When a precalibrated amount of charge is collected,
the quartz fiber system activates a recharging pulse from the high volt-
age power supply. The time interval between recharging pulses is
inversely proportional to the radiation dose rate. The recharging pulse
is amplified by the chamber amplifier and the signal is sent to the
Geiger-Mueller Counter Experiment, where it is shaped into a form
suitable for processing by the data conditioning system prior to trans-
mission by telemetry.

Data

a. Dynamic Range: 1 pulse per hour to 100 pulses per second

Do Time Resolution: The time at which the first pulse occurs
in a sample should be known to within 1 second by appropriate
time labeling. ..... -_..........

C. Sampling Rate: During the tern-.inal lunar approach phase of the
flight the counting registers should be sampled at least once

every 10 seconds. During flight through the radiation belts and
in cislunar space the counting registers should be sampled at
least once every 30 seconds.

d. Duration of Data Acquisition: Data should be recovered for the
entire portion of the trajectory, with the exception of the time
required for the midcourse maneuver, after power turn-on.

4
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3.2.3

3.3

Location on Spacecraft

The ionization chamber should be placed as far from the main mass of

the spacecraft as possible in order to minimize the effect of secondary
radiations produced in the spacecraft. It should have as unobstructed
a view of the sun as possible at all times. In additionj during the ter-
minal phase of the flight, the chamber should have as unobstructed a
view of the moon as possible.

Functional Description of the Geiger-Mueller Counter Experiment

3.3.1

3.3.2

Description

The instrumentation for the Geiger-Mueller counter experiment consists
of three G-M counters and associated electronics. Two of these counters

are type RCL 10311 and each is shielded such that protons above 10 Mev
in energy and electrons above about 0.4 Mev in energy can penetrate
into the gas volume arid be detected. One of these counters is shielded

with material that is e_sentially identical in composition and thickness
to that of the wall of the Integrating Ionization Chamber. Since they
will each be detecting the same types of particles, and since the ion
chamber measures the total ionization, the combined data from this

counter and the ion chamber will enable a fairly complete picture of the
charged particle flux to be obtained. The other 10311 tube is shielded

with beryllium. This provides some discrimination between protons
and electrons. The two RCL 10311 tubes will also be operated in coinci-
dence to give directional information. The other G-M counter is an

Anton 213 with a thin end window which allows lower energy particles
(protons above 0.5 Mev and electrons above 35 Key) to be counted.

Data Requirements

a. Dynamic Range of Counting Rates:

Type 10311 singles rate = 3 per second to 65,000 per second for
each tube

Type 10311 coincidence rate = 0 to 10, 000 per second

Type 213 singles rate = 0.1 per second to 35, 000 per second

b. Accuracy: Counting rates should be known to 1 percent accuracy.

Co Sampling Rate: During the terminal lunar approach phase of the

flight the counting registers should be sampled at least once
every 10 seconds. During flight through the radiation belts and
in cislunar space the counting registers should be sampled at
least once every 30 seconds.

de Duration of Data Acquisition: Data should be recovered for the

entire portion of the trajectory, with the exception of the time
required for the midcourse maneuver.

5
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3.3.3 Location and Orientation on Spacecraft

The counters should be placed as far from the main mass of the space-
craft as possible in order to minimize the effect of secondary radiations
produced in the spacecraft. They should also be exposed to the sun at
all times. Since the Anton 213 tube is light sensitive, the end window

of the tube should be pointed at least 60 ° away from the sun-probe line.
During the terminal lunar phase of the flight the end window of the 213
should point within 15 ° of the moon-probe line. The RCL 10311 tubes

should be oriented parallel to each other. During the terminal phase
the moon-probe line should lie in the plane of the 10311 tubes, and
should be perpendicular (within +15 ° ) to the axis of each tube.
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JET PROPULSION LABORATORY

Spec.No. RL-4-212

I0 May 1962

F UNCTIONAL SPE CIFICATION

RA-7 THRU RA-9 (P54 THRU P56) SPACECRAFT

FLIGHT EQUIPMENT, SCIENTIFIC INSTRUMENTS

LOW ENERGY SOLAR PLASMA PROBE

SCOPE

This specification covers the functional requirements of the Low Energy
Solar Plasma Probe for Ranger spacecraft RA-7 through RA-9. The
primary purpose of this instrument is to detect low energy protons in the
solar plasma well outside the geomagnetic field.

APPLICABLE DOCUMENTS

The foilo-_qng docu_ments form a part of this specification:

SPECIFICATIONS

Jet Propulsion Laboratory

Spacecraft Design Specification
Book RA- 6 through RA- 9

JPL 14-072

Page 1 of



RL-4-212

4.2

4.3

DESCRIPTION

The instrument will detect the magnitude and direction of the proton flux

in the solar plasma in the energy range of 500 to 20,000 ev.

The unit consists of four separate, curved plate, electrostatic analyzers.
Charged particles entering the analyzers are deflected by an electric
field which is approximately transverse to the particle velocity. Those

particles with positive charge, within a certain range of energy per unit
charge, and a certain range of angle of incidence, are deflected onto a
charge collector. Particles which enter with a negative charge, wrong
energy per unit charge, or wrong angle of incidence, strike the analyzer
walls and are not recorded. The energy distributions are determined by
varying the magnitude of the deflection voltage. By varying the voltage
on another set of plates, in front of the analyzer, different look angles can
be sampled.

Each of the four charge collectors serves as the input to separate electro-
meter amplifiers, which provide four analog voltage outputs.

Another analog voltage output indicates the deflection voltage, and another
analog voltage output indicates the temperature of the unit.

The experiment will be left on throughout the flight subsequent to turn-on.

REQUIREMENTS

Electrical Power

The experiment is powered from an isolated transformer rectifier, which
is powered, in turn, from the main spacecraft power source through a
d-c to a-c inverter.

Power required is:

28v dc ±5 percent

400 mw, minimum

550mw, average

840 mw peak, on 20 percent duty cycle

Weight

Total weight of the experiment is as specified in JPL Specification
RL-4-120

Size

4. 6 inches x 4. 5 inches x 4.5 inches.



I

RL-4-212

4.4

4.5

4.6

4.7

Thermal

The instrument shall be mounted on the spacecraft in a manner that will
maintain the temperature within the range -10 to +50°C.

Location on Spacecraft

The instrument shall be mounted on the spacecraft in a location and

attitude to provide a direct view of the sun, and have a look angle of 40 °
horizontal and 40 ° vertical. The long axis of the entrance window should
be parallel to the plane of the ecliptic.

Data

Five data channels providing analog voltage outputs are provided. Four
channels provide voltages proportional to the charged particle flux re-
ceived by the analyzer charge collectors. One channel indicates the

deflection voltage, and the other channel indicates temperature. These
voltages are routed to the Data Conditioning Subsystem.
Testing and Calibration

An external access connector is provided for testing during normal opera-
tion. Testing can be performed by injecting small currents to the analyzer
plates to simulate charged particle fluxes.



(Insert in Spacecraft Design Specification Book) APPROVED:

System: _] . £. _L_-_

Subsystem; _ __ "_-_

JET PROPULSION LABORATORY

Spec. No. RL-4-213

10 May 1962

FUNCTIONAL SPECIFICATION

RA-7 THRU RA-9 (P54 THRU P56) SPACECRAFT

FLIGHT EQUIPMENT
SCIENTIFIC INSTRUMENTS

E LE CTRON ]PROTON SPECTROMETER

SCOPE

Scope

This specification covers the functional requirements of the Electron/Proton

Spectrometer for Ranger spacecraft RA-7 through RA-9. The primary pur-
pose of this instrument is to detect neutron-decay electrons which may exist
in space during quiet periods, and to determine to what extent the solar wind
plasma may contain extremely hot protons.

APPLICABLE DOCUMENTS

The following documents form a part of this specification:

SPECIFICATIONS

Jet Propulsion Laborat0ry

Spacecraft Design Specification
Book RA- 6 through RA- 9

JPL 14-072

Page 1 of 4
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4.2

4.3

4.4

4.5

DESCRIPTION

The instrument will unambiguously separate electrons from protons and
measure the fluxes and energies of each in the range of 50 to 800 kilo-
volts for electrons and 500 to 1500 kilovolts for protons. The instrument
will consist of a plastic scintilator and a cesium iodide crystal, both
mounted on the face of a single photomultiplier tube. The separation of
electron and proton pulses will be accomplished by means of pulse shape
discrimination circuits. The pulses will be analyzed by means of an
eight channel differential pulse height analyzer, and the counts in each
channel will be stored in analog form as charge on a capacitor. Two
temperature sensors are provided to indicate temperatures of the photo-
multiplier tube and the amplifier assembly. Thus, there are ten channels
of data, consisting of analog voltages to be read out cyclically in response
to sequence pulses from the Data Conditioning System which converts the
analog voltages to 7 bit digital signals for transmission by the telemetry
system. The experiment will be left on throughout the flight subsequent
to turn-on.

REQUIREMENTS

Electrical Power

The experiment is powered from an isolated transformer rectifier, which
is powered, in turn, from the main spacecraft power source through a
d-c to a-c inverter.

Power required is:

950 mw, 28 +1 v dc -- average
1200 row, 28 ±2 v dc -- peak load on 2.5% duty cycle

Weight

Total weight of the experiment is as specified in JPL Specification
RL-4-120

Size

Total volume occupied is approximately I00 cubic inches.

Thermal

The instrument shall be mounted on the spacecraft in a manner that will
maintain the temperature within the range 0 - 100°F.

Location on Spacecraft

The instrument shall be mounted on the spacecraft in a location and

attitude to provide a 60°, unimpeded look angle for the scintillators.

Direction of view is not important.

2
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FIGURE 1 BLOCK DIAGRAM OF ELECTRON/PROTON SPECTROMETER
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4.6

4.7

Data

A single wire data output is provided. I0 channels of data are read out

cyclically to provide information from two temperature sensors, and an

8 channel pulse height analyzer. Alternate cycles provide data on elec-

trons and protons. Maximum count rate is 2500 counts per second.
Readout time for a complete cycle of data is 80 seconds.

Testing and Calibration

An external access connector is provided for testing during normal
operation. Calibration can be performed by stimulating the scintillators
with a radioactive source.

4
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PROPULSION LABORATORY

Spec. No.
RL-4-214

15 May 1962

RA-7 THROUGH RA-9 SPACECRAFT

FLIGHT EQUIPMENT

ELECTRON FLUX DETECTOR

1.0

i.i

SCOPE

This specification covers the functional requirements of the Absolute
Electron Flux Detector for Ranger Spacecraft RA-7 through RA-9.
The primary purpose of this instrument is to provide information about
the absolute electron flux in the energy range of 250 Key to a few Mev.

APPLICABLE DOCUMENTS

The following documents form a part of this specification:

SPECIFICATIONS

Jet Propulsion Laboratory

Spacecraft Design Specification Book

RA -6 through RA- 9

JPL 14-072

Page 1 of
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3.0 DESCRIPTION

4.2

4.3

4.4

The instrument consists of three solid state detectors to uniquely iden-

tify electrons in the 0.250 to 3 Mev energy range. The detectors are
silicon solid state of the lithium drifted variety. Two of these detectors

have a depletion layer 1.0 mm thick. One is shielded by an aluminum
absorber which allows only minimum ionizing protons to be counted, and

sets the upper electron energy limit for the system. The other, with a
heavier aluminum shield, is the active detector, the output of which is a

composite of electrons of minimum ionizing energy and protons of
approximately 2 Mev energy level.

The third detector has a depletion layer of approximately 5 microns.
This detector, shielded in the same manner as the active detector, is
insensitive to electrons, due to the thin depletion layer. It thus serves

to count only the 2 Mev protons. By subtracting the count of the two
detectors from the count of the active detector, the electron flux is

obtained.

Each detector is followed by a pi_eamplifier-amplifier combination. The

output of the amplifier serves as an input to a pulse height analyzer,
which is set to accept only those pulses which correspond to detector

excitation by energies of from 250 Kev to 800 Kev.

The three data output channels from the detectors will be one-shot
counters. The count from each of the three channels will be accumu-

l_t_d nnr_ _rh d_t_ cycle.

REQUIREMENTS

Electrical Power

The experiment is powered directly from the main spacecraft power
source. All conversion of this power is accomplished by a self-contained

converter.

Power required is: 250 row, 52 v p-p ±1.5%, 2400 cps square wave.

Weight

The total weight of the experiment is specified in JPL Specification
RL-4-120.

Size

50 cubic inches: 4 inches by 4 inches by 3 inches (approximately).

Thermal

The instrument is to be thermally isolated from the spacecraft and pro-
vided with finishes that will maintain the unit within the operating temper-

ature range from -25°C to +30°C.
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4.5

4.6

Location on Spacecraft

The instrument is to be located on the spacecraft so that an unobstructed

30 ° half-angle cone of view of the sun is obtained. The orientation during
the final approach to the lunar surface is not important.

Data

The data from the output of the three detectors will be in the form of a

binary count. Each data channel will be sampled once per data cycle.
The count from each channel will be accumulated by the 15-bit counter
in the DAS.

4. 7 Testing and Calibration

An external connector will provide means for monitoring internal volt-
ages as well as providing the three data channel outputs. Stimulation of
the instrument may be accomplished with a standard alpha, beta or

gamma source. Counting rate from these sources should be kept below
1.0 K per minute.

3
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APPROVE D: _
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Subsystem:

LABORATORY

Spec. No. RL-4-215

15 May 1962

RA-7 THROUGH RJk-9 SPACECRAFT

FLIGHT EQUIPMENT

SEARCH COIL MAGNETOMETER

SCOPE

Scope

This specification describes the functional requirements of the Search
Coil Magnetometer experiment for Ranger Spacecraft RA-7 through RA-9.
The primary purpose of this instrument is to provide a survey of lunar
electrodynamics in the frequency range of 1 to 1000 cps.

APPLICABLE DOCUMENTS

The following documents form a part of this specification:

SPECIFICATIONS

Jet Propulsion Laboratory

Spacecraft Design Specification Book,

RA-6 through RA-9

JPL 14-072

Page 1 of
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3.0 DESCRIPTION

4.2

4.3

4.4

4.5

The instrument consists of a single-axis search coil magnetometer and

associated electronics, divided into two packages. The detecting coil
and preamplifier package can be mounted in a remote position. In this
manner, spacecraft generated magnetic noise is attenuated. The main

electronics package contains a spectrometer, power supply and asso-
ciated circuitry. The spectrometer will consist of tuned bandpass

amplifiers, with center frequencies of 3, 10, 30, 100, and 300 cps,
which will analyze signals with frequency components in this range.
The instrument will have in-flight calibration capability as well as auto-
matic scale switching.

There will be six analog data output channels. One of these will indicate
the scale factor.

REQUIREMENTS

Electrical Power

The experiment is powered directly from the spacecraft power source,
using the transformer-rectifier module as a junction point.

Power required is: 1000 mw, 52 V p-p, + 1.5%, 2400 cps square wave.

The total weight of the experiment is specified in JPL Specification
RL-4-120.

Size

Detecting Coil:

Preamplifier:
Spectrometer:

i. 0 inch by I. 0 inch by 12 inches.
i. 0 inch by i. 0 inch by 2 inches.
3 inches by 3 inches by 4 inches.

Thermal

The instrument is to be mounted on the spacecraft so that the temper-
ature does not exceed 20°C 5= 20_C.

Location on Spacecraft

The instrument is to be mounted on the spacecraft so as to provide a
remote location of the detecting coil-preamplifier package, and to
minimize spacecraft generated magnetic noise. The orientation of the
detecting coil is not critical.

2
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4.6

4.7

Data

The data from this instrument will be in the form of six (6) analog out-

puts. Five of these will provide analogs of the power around the center
frequencies of tuned bandpass amplifiers (fc = 3, 10, 30 and 300 cps).
The sixth channel will be used to indicate the scale of the data channels.

In-flight calibration capability will be built into the instrument with
"ON" and "OFF" commands generated by the Data Automation System.

Testing and Calibration

Access to the analog channels as well as other pertinent internal volt-
ages will be provided by a separate GSE or test connector. Calibration

of the instrument will be accomplished with the detector coil isolated
by a flux tank.
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JET PROPULSION LABORATORY

Spec. No. RL-4-216
1 5 June 1962

FUNC TIONAL SPECIFICATION

RA-7 THROUGH RA-9 SPACECRAFT

FLIGHT EQUIPMENT

COSMIC DUST EXPERIMENT

SCOPE

Scope

This specification describes the functional requirements of the Cosmic

Dust Experiment for Ranger Spacecraft RA-7 through RA-9. The pri-
mary purpose of this instrument is to provide a survey measurement of
the density, location and direction of rotation of micrometeoritic part-
icles.

APPLICABLE DOCUMENTS

The following documents form a part of tFis specification:

SPECIFICATIONS

Jet Propulsion Laboratory

Spacecraft Design Specification Book, RA-6 through RA-9

Page 1 of 3

JPL 14-072
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3.0

4.2

4.3

4.4

4.5

4.6

DESCRIPTION

The instrument consists of two detector plates with attached preampli-

fiers and one electronics/power supply package. The detector plates

serve to detect particle impact; the generated signal is conditioned and
amplified by the attached preamplifier. The electronics/power supply

package generates the required internal DC voltages and senses the

detector preamplifier output. Threshold detector amplifiers sense

peak 100 kc outputs which change the state of the binary data output.

The count rate is not likely to exceed one per minute.

REQUIREMENTS

Electrical Power

The instrument is powered directly from the spacecraft 2400 eps square
wave supply. Conversion to the required DC voltages is accomplished
internally.

Power required is:

52V p-p, 2400 cps square wave, 60 mw.

Weight

The total weight of the experiment,
fled in JPL Specification RL-4-120,
Designations.

including two sensors, is as speci-
Design Parameters and Reference

Size

Sensor: 6 inches by i0 inches by 0. 015 inch (excluding mounting
brackets)

Electronics: 3 inches by 3 inches by 4 inches

Thermal

The operating temperature range of the instrument is -40°C to +I00°C.

Location of the sensors on the spacecraft shall be 180 ° from one another

in the plane of the ecliptic and in the direction of the velocity vector.
Under these conditions, one plate will look in the general direction of
the moon while the other plate will look at low inclination particles in

the ecliptic plane.

Data

Data will consist of binary output made up of 6 bits, with 3 bits assigned
to each sensor. One bit of each 3-bit word is assig_ned to high energy

impact; the remaining two bits are assigned to registering low energy
impacts. Data will be routed to the Science Data Conditioning Subsystem for
processing prior to transmission through, the spacecraft telemetry subsystem.

2
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4.7 Test

Testing of the sensor will be done by attaching a piezoelectric trans-
ducer to the sensor and injecting a calibrated pulse into the transducer.
This will mechanically inject a pulse into the electronics, simulating a

momentum impact. This action will trigger the appropriate memory
counters and will be read out on binary state lamps.
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JET PROPULSION LABORATORY

S_ec. No. RL-4-217

22 June 1962

FUNC TIONA.L S PE CIFIC A TION

RA-7 THROVGH RA-9 SPACECRAFT

FLtGtlT EQUIPMENT

LOW ENERGY ION DETECTOR

SCOPE

This specification describes the functional requirements of the Low

Energy Ion De_ector experiment for Ranger Spacecraft HA-7 tt-ro-_gh
RA-9. The primary purpose of this ins:rument is to measure the number-
den._itv and energy of positivuly ehar_ed particles with energies up to !00 ev.

APPLICABLE DOCUMENTS

The following document forms a part of this specification:

SPECIFICATION

Jet Pr_mLsion L:_bora:orv

• bt)e.<.,_.,(_.Lz:Dnb,pacec r_aft De sign " - "'"; "'_* ;
]_t_.,,;: RA-b _hccm_h R a.-9

JPL ]4-072
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3_

4.2

4.3

4.4

4.5

DE$CRIP TION

This instrument will detect the number-densRy and energy of positively
charged particles with energies from 0. i to 30 e V using a retarding
potential technique. The experiment will be effective in detecting low
energy ions in the transition regions of the Earth's upper ionosphere,
in the cislunar plasma, and in any lunar ionosphere.

The instrument consists of a planar ion trap sensor made up of a
collector and two planar, concentric grids. The outermost grid will
be energized by a variable or staircase potential source. The inner-
most grid will be biased negatively to suppress photoemission from the
collector plate.

Positively charged particles, up to mass 32, with sufficient energy
to overcome the retarding potential on the outermost or aperture grid
will be recorded by the collector plate. By varying the aperture grid
potential, the particle energy spectrum may be resolved. An analog
output of the collector current provides the spectral data.

The experiment is to be energized throughout the flight, following initial
power to turn-on 24 minutes after launch.

REQUIRE MEN TS

Electrical Power

The experiment is powered by an unregulated 28 vdc from the space-
craft transformer/rectifier module.

Power required is: 28 vdc ±2 percent

9"1. _ Watts

1.35 "_atts (Maximum momentary load)

Vceight

The total weight of the experiment is specified in JPL Specification
RL-4-120, Design Parameters and Reference Designations.

The diameter of the sensor will be 4 or 5 inches by 1 inch deep. Fhe
electronic package will not exceed 6 inches by 6 i c_es by _ i:'ches.

The rmat

The instrument shall be m_)unted on tile spacecraft so that the operating
temperature range of 0 to ::_0° C is maintained.

Loca*ion (,n _'ecraft

The sensor is to be oriented parallel to the spacecraft velocity vector,
within 30 °, and pointed in the lunar direction.

2
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4.6 Data

4.'}"

A single data output channel pro'_id('s a ;,c)!tage ana!o¢ of _he positively
cc, ti_ u Lot A,charged partic_.c d_nsi:'_ __-_.corded at the ..... p_c_ spectrum

:. +,_ _ 1 !]V:-,r ,)arti<-_c- ..:_aergi_ s is oo ..... nec, a :)r()gram:.ncd variation in the re-

"a]" iitlg ,* "*_ "ho [_,"FtUFr" gr_d. A complete program oons,_:sts of

i'2 r; _-t,."ps. Data w;;'_ be p:'oce_scd b_ _}_(: Data Cop.4itioning Subsystem

i _i'_r to _ransn:._ _ I_) the, _pa(:'ecr'ath'_: Data Encoder.

_l-_ _.i _g and Calib!'at=on

E,_ __,_._oa of :;t_ tn,_rumen: is accomp.ished by injection of a caHbrat,:d

,.urrent. A _est connector wiI1 l,_'ovide access to internal voltages and

fu_c!ions for test purposes.
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JET PROPULSION LABORATORY

.... _,.,_.b AND REWRITTEN

Spec. No. RL-4-220 A
:27 July 1962

SUPERSEDES:

RL-4-220

28 Februa,'2_" 1962

FUNCTIONAL SPECIFICATION

RANGER FOLLOW-ON (RA-7. RA-8, RA-9) SPACECRAFT

SCIENTIFIC EXPERIMENTS

DATA AUTO.%k%Tt()N S ,. t-,S_ S, EM (DAS)

IIII I II I

1.0 SCOPE

i,1 This specification covers the f<,,_ctional description o_" the '"-*-. . _,'_-, At',:,:)mation
Subsysten=. (DAS) which is used to process data from scientific _,_t_,"-'+......,r-ent_.<
on the Ran_er._ Follow-on (RA--7, RA-3, RA-O),_ _t.a,..__.,._,,._':_._,'_"+

2.0 APPLICABLE DOCUMENTS

2.1 The I.z_oa-mg docun_ents form a Da1_, of t.qiS .,i.,e__zstc__-,_4"' .a *_.tJ,......

SPECIFICATIONS

Jet Propulsion Laborato<;

Ranp'er RA'({ Thrr>ugh RA-9

Page i o! [ 4
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o

3. 0 i _KGc.sH] i"FI_ _?<

3. 1 (;,.:r?eral

Power to _' • Scie.u(:e Package, including the DAS, is turned oll 24 minutes
afler iauP,,l_. The DAS perf_)rms several basic functions relative to the ....
prepart_tion of data fron_ a host of experiments for subsequent transmis-
sion thcough spacecraft telelr.,etry.

a. Analog to digital conversion

b. Pulse rate to digital conversion

c. Commutation and timing

fLy-'t" fid. Frame i .,e,.i..vation

e. In._truPJellt r_:4r_t atld atoppinf_

3. 1. 1 The scientific cxperin'ents acc,)mm.odated by the DAS are

b.

Lc_w Ener%_ Solar l'lasma Probe {code

Electron/l'rob. n Spectrt,,_,eter (code: E PS )

c. Electron Flux Detector (code:

d. Search Coil Magnetometer (c,:,de"

EFD }

SC Xl )

e. Low t!:ner_.' Ion Detector (code" I,i£II)

f. Cosmic Dust ')_ .t ete.ctor ( code: CD[)

g. Integrating Ion C}:amber ( ._o(,e. IC

h. Particle F'lux Dt-tector (code: t'FD )

3.2

.\I1 _iata is delivered in non-return-to-zero binary fashion _o the data

encoder t!_rough the I)AS 8-bit shift register at the :,urnin:_] ::_te of
25 bits per second. A functional diagrazn of the i)AS is sho,,:n _l, Fi,_-
ure 2. R_:fer to figure 8 for a scherna tic of the (iSE output _'_ _,. ,r_ uit ry.

Analog to Distal Conversion
....... b .......................

The basic A-D conv_-:rsion is an 8-bit co:_,version _hich opera_e_ ,,n an

aP,;:ilOg signal in _he form of a dc voltage level within the ranRe of 0 to 4. 6
v_dts to yield a ,_'esolutiou of 23. 5 millivcqts. Analo_ c}::da read,:_u_ during
odd ' '='_"' on_.... o. r,_d "_ris (-_n_i<t ,_f the onilFe _'i_rb_ bit.<. ,,f tl,c ,uo,'vee_ion

' _" least _i._miri,..,n_ l)i! of t}ie 8-}_it _.:_nver-[])Ur'i_i_ c\t'! _. _.1 },_ })(:'r,.'d ¢,,_}P(is .... (:" .._ .........

.<!_,!! zs r:'_,i t,.,<l }),.. :_ barit\' t..it. '_i_us })i'(_Vi_!J:i_ Oi'JPv!:JVO]V LI T-})i! C"HIV_'F -
si,_i_ .: ._'7 p._i} i,:_._]t r,.:'sc,_ut ,,.
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The A-l) c_,avev[er co'_:slstsof a cross-over detector for each of the

analog irq)tlts a_d a _airea_e generator activated by the 8-bit shift re_ister

which coolers the oulput of an 8 kc multivii,rator. Conseqt:ently, an A-r)
conversion is accornplished within one telernetrv bit time aiid termina,,es

with the s!: _ Fe_iszer, b,aving operated as a courtier, containing the binary
word which i._mediatelx shifts ou_ to the data encoder. The A-D converter
will issue a word of zeros if the analog input voltage level is not within the

0 to +6 volt range. Refer to Figure 5 for a schematic of the analog data
inpul ci ,'-cuit ry.

Those experimems whose outputs are analog voltage levels are listed
below:

a. Low energy Solar Plasma Probe. This experiment presents five

analog outputs among which the DAS commutates the A-D converter.

The five outputs are labeled I.ESP .A, LESP B, I.ESP C, LL...'SP D, and
LESP S, After each. I.ESP S readout, the DAS sapig_',_es a stepping
pulse to the instrument.

b. Electron '
'Proton qpectrometer. T_is experime_,t presents a single

_aoe.ed EPS to the DAS. After every readout, zhe DASanalog output " " ._

supp!ies a stepping pulse to the instrument.

Ce Search Coil Magnetometer. This experiment presents six analog
outpuls among which tim DAS commutates the A-D converter. The
six outputs are tabeled SCM 1, SCM 2, SCM 3, SCM 4, SCM 5 and
SCM 6.

dR Low Energy Ion Detector. This experiment presents a single analog
output Iabeled LEID to the [)AS, and receives a stepping pulse from
the DAS after each readout.

"Fhe Fates arld or(iecs iY: ",.v]_ic] t;_ese c_,at[i .q_)tlFCeS _tFe Ft'2_:i (uK :x:'e e',,17{en_.

from an inspect.':on of t}_e I.)AS master frame Iormal s_(.,,.vn i_? }:it.rare 2.
The stepping pulses supplied bv the !)AS to tt:e i{_s': rum_-uts are 21,,.r t}:_,

purpose of their, i_:te,'nal con_..,_m!a,_o,,., resetting a:_.!_._r ,:,-_]i}::"_._i_,:_.

In addition to the. se four ex[_eriPne_:ts, t!ie [)AS is .de_}N:_ed to ha;:,;i<- the
._=ingle. analog" ou_ u,.,',,s of 3 _emp_.-"a'. UFe _e:'.,s ors ass,->c :_._-o.;..... u_}. (i) ":}:c

.aeccr'on ux I)etector, (2} the I.ow K:',eF_y S()lar }:'!a_ama Pr:_be :,mf e:_
lhe Particle Flux De*rotor.
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ao al,_ e-;uerhuent t)resents three pulse out-f':_:,{.-t,-on F'!ux I)uteet, .r. '" "" " ,
t_utq (t::b'l) !, }-.i.t) 2, EFD 3) an_ong which the JJAS C'OlniTlutates a
15 ' binary c_,.m..er.-,_, The duration of ,",_o.nt_,, for eac >'..OutPut. lS

0. t._Z s¢-c,:mds folbwed b- a two-par't parn]iel drop-in sequence to
the: g-bit omput s}'ift ceg{s_e.,', rhe 0.9'2 second 1 5-bit count
establishes an upper average pu!se freque_:cv of :15 kco Double-
pulse resolution is essentially established by :,he config_aration of
the pulses from the instrument.

bll Particle b'Iux I)etector. This exr_eriment is compriged of three
Geiger-Mueiier tubes 'wl,_se outf.,uts to t},.e DAS are labeled PFD t,
PFD 2, PFD 3 and Coiucidenee (C) and are san:pied a.s explained
ae _ow.

1) The Pf'D 3 {r,,pul is c-ou,_ted over t}:e frt:_q'..:e;u'y va::ge of 0 to
_;8 kc :.n 3 steps. The r-:_nge of 0 to 5 cps is covered by per-

_tc Aforming a COI?tJlll_I(*LIN '-:-[_;t C_.%U]'/ WttiC}l 1S • .-'a,* OUt (;Dee everY

t.28 seconds as a 3-bit fraction o" a word° Ti_e pan_e of 5 cps
to 1.G kc lIE) is covered b,, using t}_e 15-bit counter h_r 20. 16
secon, t ip.terva]s ,,)ccurrilt_ once pe_,' t,,ur" master frame time
and folh:,v,ed by a t_o-t..*a_'t parai]e_, drt:_])-i."_ seq_J::.:,_ce _,._ the
S-hit output sbif,*, re_is_er. '['he range of !.G ke io 68 kc (I.{F3
is covered in the _;an_e man_er as that fog the tF range except
the couni imerva] is 0.-ig second.

2) The t)t-'[) _'_input, is covez'_,,:_ in '"',.,e_ z'aree of 5 cps t,_ f;P, kc _n
_,_t) ste}_s in :_e ._:il:_e l;-_a.'.c:er :_s. is; t:-:c_ ]_}-'l) _ iu:_u"

3) The I'Ft) 1 input is,!,._.td]e _,, the same as t' '" "

4) The Coip.ci_lence out<rot (C) ,._f t'l:'I) i a_d I'1'1) 2 i.q <:ourled ,._ver

ibe freque::cy r'a:_ge of 0 '.o r;8 kc in 3 steps. Th<, ra_,,_e of 0 to
5 cps is covered [-v perf'_cr_b_g a c<_ti<un_us S-bit count. l}ie
io',_er order tv_o bits o: this <:ount are read o_at once every 1. 2..9,

seconds as a 2-i)it iFa<?tJ_:_ Of the ..4:,.n,e word ,:ont,.,{,,:ng tb, e t'[:I)
3 3-bit fraciiO_o Tl,e .._uiYe 5-bit ,:',_t is _'ead <_ui ,race ever\

6.72 seconds, Flie Coi_cide_!ce i_;put is covered in the range of
5 cps to 68 kc i_ two steps 7', fhe same p.-m,mer as is t ,e Pil] 3
in put.

Integrathlg Ion Cim:nber. Fhe si_e]e b_pu! (IC) f._'<:nt _;_is experiment_

is co'erred in the frequ_cv range of 0 to I. {_ kc iti _v.o :.;iep.<., t'he
ra_'ge of 0 t<_ 5 cps is cove:_'e,i .), }.;el"foFzl_[tlg a <"o::Ji:,q_iOUS [_,-}}i; COLII]!
wi_ich is read ,)ut ,race evec> !. 2}i se,:'o',_ds as a :-i-bit f:':i<:_{;,_ in ;:-t
:vor,d, This 3-},it ;_'<:,,..t{i_:_ 5s ;,_i:;e_d with the i'1 !) 3 :_-:,it :r9,!i,_r,
and, _he 2-bi1 Joy, urdv_" C'c.,i:_c'i,'-,et:,:e f'r:-<.:-,.,;: ',, t,-,r,:.:. P--i, " >,>:'d
ever,. 1.28 :s_.'<c':<Is <_{t}:i_: ,t :a.ui._fra,'.ne, 7!_,i.q ,.v,_,.'<{ [._ 1... ,-t,,_{ L ]("

P}-I) 3 i!__ti_e n'_s!t,.," f: n.,._, [¢):'I2!21 _)f i.2:,ire 2.
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'j. 4

3.5

d. Corm - i)us_. ',)ete_ t()l-, tullkc t}l(" Ou!se r[tt () data oull)_lts of the

r!b_,\.¢> !_._-,_t._ exl)ei-iliie,,]Is, tills t xi)eFiltlerll per[orn]s :Is OWll cortTi!-!l.h.)dS

c.ou,._. The[w _._ a ,)_e-bi! _ou.'._ter all(] 13.t_o-bit counter combination

_,),,- _.acli of two de_ectors, "I'}te o:,e-bit counters are single flip-flop

s-a_._cs dr\yen by pulses from th(. ]ow-_ain (high ener_.') amplifiers,

while ttie two-bit counters (each comprised of two flip-flops _n series)

are driven b) pulses generated from the high-gain (lower energy)
amolifiers. Lines from these six flip-flops are samplad slmultm'._>ousty

once per 40. 32 seceded master frame and dumped i,_ parallel into six

digi:s of the 8-bi_ oulp,it shift regi< ,,r, h)rmi"u the CI)I) w()rd (_f __uh-

fF+q!I_-" 4 _)_ '"," I'V l!}.#A <('F i l"_IT_I'P.

t'-r a_7_ e. i de ..uti fi cat ion

. 1 a series ol
d<l,_ _ - " - :inspecli_)n ot ih,." ,',"..... ,_ona] (!{agl'.T_nl of Figure wilt reveal

CO :_!OF.'4 USe(] [l_I" ?}lt? division (ff 'h,_- inpa: 400 cps, The fi_,._<_ cou,.t_er -,

<_,:)mi._r'ised of lout flip-flops fru- the h)aic:_l division by 1O t,-, i_r(.,vi(k_ ".h,'
- , ] l'he set culd ,;_.nter {-_ .._,_t_pF's('t! (_!" i_.iF, c

!)ii r<ttc of 2:> i)itS !)c'f" .-;t"(:_),l(,. "
ftip-fi(,'p.s for ",;c furth*'r divl.<](,'} by 8 [o tn'l)\[de life FaI_' of -t; :i_< ,,}(.r

-<, ,, ,,i_cd (_f five "lio'fl")i )-4 for "}',: :,,t xt <_'..v_-
',4. O1"{:. Fh.c" tltil "',I . ,}\,lit. F i.s ,, • 1- " '

- _ ; 'Ftl_ _ ),,,rib" S il L.); -
,-41()Ii <)_f" <)] !(. _, IJF _-)\ ]'-](" _I_,., Felt{. (_! ,)I \v(_r(].; l')t?F F;_,llltt

•. ')\Jl]t.,'l .'<7 < _,:,_">r[_ <," '_f thr,.,, flT.l)-flops f,)r div,__i,:,'.] by 6, pr()\'l ]lr..g lilt."
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3.6

3.7

3-bit subfr_m<., idr-,c,.tification '_ord onc,_, t_c_" subfran_e and .....C\ CJOS fl'Oll]

0 to 5. The fifth c'ouIlter ts _<m_prtged of eight flip-flops for division bv
256. Tbi,< counter is read o:,t as an 8-bit master frame icientification

word once e r master frame and cycles from 0 1,-_ 255.

In addlti_m to thi_ enumeration method of frame identification, the first

two ,,,,'ords of every subframe form a prescribed sequence of zeros and

ones k'_o_ as the pseudo-noise (PN) sequence for use in the automatic

synchronization of the serial DAS output bit train with the format.

Figure I shows the last four flip-flop stages of the 8-bit ombut shift

register used to generate the PN sequence on appropriate _,iming command.

The PX sequence can be gelierated bv first assuming the 4-stage shift

register reset to zero. and then connecting to the input of the first staae

_he output an inclusive - and circuit driven by. _he oulput.4 _Jf the last two
stages. This produces the ],;-bit PN ,equtmce of t)0O0tlt01100ldl ,,vh_ch,

when appended with an odd-pari,y b_t, forms the firs_ %re 8-bit ,,vord, s of

ev_,ry subframe,

IpStrun',' nt Res.e _ a2yi Stepp.j:'}__

Many of the scientific instr.;n,,e:'ts require a pulse _!im'<;lus pe:_i_dlcallv
for internal qo_]irli\Jlat_iti, rosel_ing andl_r calibration seqt_ences. T}@

following table, summarizes these requirements, t_t_l'__F io Pig'ure , for

a schematic of the s_.ep output cil'cu_try.

1;ulsc Periodicity

Experimem

CDD

EPS

SCM

LESP

LEID

Comn,_tation Resetting Calibra_i_:_

1 per readout

1 per readout

!
i

1 per . readouts

1 per readout

t per 8 r,:mstcr
f,'ames and 1

per 2::16 ,','aster
frames

Phzsi c a !.,SP_e_c it{,c 91i9 n_&s

The DAS is a solid state electronic device which uses approximaieiy 300

transistors. A total of about 3000 componp[lts will bc rr.,ou,qt_d _t_ fo_r

and one-half _.standard HangermodtKes. The other half of the ilittI: module

,"on_.a.ns+_ tht. DAS transformer/rectifier ('l'/tt) power supply.. Tlno weight

of the complete DAS is a.a specified in ,lt'I, Specific:_t/o'_d 11I.-4-120,

Dusign l:_arr,,p,',_'tcr.s and Re:furence Desi_4_ations and thr, _o'n! :',:gdlated

po;_er consumption is less _han two watts.

6
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1.2

o

2.1

o

3.1

3.1.1

3.1.2

Int rodu ct ion

The telemetry data requirements for RA6 through RA9 are indic_t,:d in

section IV of this Design Specification Book. The telemetry system shah

provide approximately 90 engineering measurements divided among the
attitude control system, the central power system, the central computer

and sequencer (CC&S), the communication system, the midcourse propul-

sion system, and the spacecraft environment. This system shall also
provide data encoding for the scientific experiments.

Two types of frequency multiplexed channels are used to provide encodin_

for the two types of data characteristics. One t_33e of subcarrier (chan-

nels l, 2, 3, 4, 5, and 6) carry analog type data, whereas the remaining
channels (B-2, B-19, B-20, and 8) carry binary or two-state information.

The spectral relationship for these channels is shown in figure 1.2-I.

APPLICABLE DOCUMENTS

The latest issues of the follow in _,_d,.,cuments form a part of this specifi_a -
tion:

SPECIFICATIONS

Jet P ropulsio n L3ib.or-ator_i

Spacecraft Design Specification Book
Ranger RA6 through RA9

30201 ,,E!mcecraft Environmental Specification

DRAWING

Jet Propulsion Laboratory

5-105974 Block Diagram, Data Encoder,
t/anger Follow-on

DESCRIPTION

General

Block Diagram

A block diagram of the RA6 through RA9 Data Encoder is shown in fig-
ure 3.1.1-1.

The Data Encoder is required to encode all signals that are to be tele-
metered from tht, spacecraft. To perform this function it must:
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a. Condition all measurements to the required levels.

b. Time multiplex at the proper rate those signals which art ".,, be
sampled.

c. Provide voltage rate limiting of the sampled data to a value consis-
tent with the communication system design.

d. Provide synchronization sia,'mls t_-,{uabie pr.'.:,per de-comm_tation on
the ground.

e. Provide encoding for ex'e:nt and t}inar x tspc information.

f. Provide proper modulats:m sigm'..ls to the transponder.

g. Provide a modulation si_nai to _c A,:.,.ena teiemet::'v svst(:m.

h. According to a pre-proLrammed ],_,:_P.., _'i-ut data, w}_icb, ix to be
telemetered only durin_ _,',rn_ D{_i_it_r,,s (:)i the mission.

{.1.3 Subsystem Elements

To perform the functi{ms listed in .s. cti(.m 23.1.2, the _:-,.ia F]ncoder sub-
system must contain tt;_. Io_ ,.in_ ,.i, :ncnts

;{. 1.4

a. A signal, conditionir_z .... svsttn_, in,.iudix_s .:_._',_,._ifirPs._ -_nd resistance
bridges.

b. Data commutators.

c. Voltage rate limiters.

d. Voltage contr(,lled and }_:::,:_r,, c_,ntr-,l*_ed ,_u(:ii]:_t(_rs and ew_nt
encoders.

e. Modulation rnixJ_]_ ;_;d iso2_',ti :u , (F(;:.itF",

f. A programmer to provide d:_.ta ::_i_t('tf ,_ !t_Pi.nK flight.

Operational M (}des

The Data Encoder subsystem is ruquir{_d to }rove three data modes,
these are two cruise and one midcourse modes. Tht>se modes are

selected by the CC&S accordinu t,.} :._ pre-pro_ran_n-,{.d plan. The modes
are programmed ;_s follows:

a. Mode i Launch to start: of midcourse maneuver.

b. Mode II Midc(}urs¢ mane,met.

c. Mode III& IV Post mid, o'._rs, :n_r_, {we r t,, !: t)P_" impact.

The data encoder procramm,,]' _r{P:; !'A:-;-i> is ;sai:4ain(',i in its _:ri_dna.t
co:ffigurali{m to cov_r p{_ssi},i,' fttt_tt-_. !<.q.li£-_,r:_<.iit_5 fDF :,_ f(.,t'rt}! _4_It1 q ,_.{_..

Modes IIt aN_(1 IV are identical] -..t: i,:'e:--:c_t.

....... --- ' ,Fh_ measurements to t}e i<]<lr,>1(_r,-.,c-:, i_ _t_,_,._v;_ri6us modes .' _]_tla _ be as

channel designation for C,.;tnm,,itat-_:d measurcme]_ts ]s lgiven by the
foilowin_ c(_de:
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1
!

Channel Number

Commutator Deck

_.2. ] Channel Mechanlz_{i_,,1

I _hrough YV.

3.2. I. 1 Channel };-2, Modes I }!!!)_)£_!)__I_

This is a binary c}lanc,,_d :_:;cd ".,,o ,',r:::._._,it :_()Yinl]>' e,!l(otie(] e\'_"at

information at a one hi" iJ(-: s_:c_md rate. "lhc nomina] cent_-r

frequency is 350 cps and the deviation is -i.(i cFs. An event
coder is used to add a cJis'in_'live nddrws._ 1o events on each of

four inputs.

_ 2 i 2 Channel 1, Modes t "l'!..:,,.i._4h IV

This is a measurcn:e,lt ,: _i_e 4{]0 cps {';,,¢i: frequenc3: in the

spacecraft. The frequent)- _>: ,r,.::_:, !"c,c :_5 :_ s_:!)carrier at 40_

cps with a n_east_rement _'._ae ,..,f :t5 ,.i)s. Since _he c<;_nnqut:it,.;r

drive pulses are derive;! f:.*_': this 4'<K) ci_s ,:,_<,ck. t}_, channel i

frequency is require..' b,. :}_c, :_:{.'urld dec{n2ln-_;i':i{<_F10 FCC(,IIS_.F\IC!
the commutation rate.

3.2. i. 3 Channel 2, Mo_ies I lli.f.??a}!_I_'.

*i_, _ mui:' "exed

at a one per second rate and _c.n nmit11-)iexed at :._ once per ten
second ra, e shall be -:_floc>..'.- '<] _<) IRI(; channel 2. The eemer

frequency shall be 560 ci:,s _,>i the ' t._l ,h'.-;_: ,,: shall be ±25

cps. The mutt:o_exc:' ",'i 5:ia,-,_ .sh;_,..... i:,,. :,, :,,_ a ,,.,_ ) a rate
limited an-_piifier to i :7-:i: '} _- ::-_:,:i, t.'.:: •..r,_ _-,: _-_knge._ of the

voi*age controlled ,,s,-:i;n,,_' ,,u_[,:.,_ ,,_ i:,(, ,ps, s_.-,md and the

maximun_ frequuncj ,.::,< rsi<_n _e.> il 'J/i[ (' []{? gi'('£_('1" _.[-l_il] _6(] Ci_S

from center frequent)-, '!h<: _rr_;r <_{ _.he reduc,.d data at channel

.... : ............ threshold shall be m' _,'_,_'_ :b,_:, :13 p_,r_,.,.'._t ,.)f h,]! scale.
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shall be allocated to IR!(; c]-:_mncl g. The c,..ni_r frcqu<ncv sh:,_! b_

730 cps and the total deviation s}:v]l be ±25 cps. T}'e muitiplex<d

signal shall be acted unon by a r_te limited _m_,:ifier to limit the

maximum rate of change of the v,.)lta_Te controi]ed oscillator output t<,

185 cps/second and the n_aximum frequenc F excursion to a value no

greater than ±60 cps from center frequency. The error of the

reduced data at channel threshold shall be _x:,_rn<._re than ±5 percent <;_
full scale.

.2. t.5 ...... L. ................................Channel 4, Modes I Through iV

TwentF-eikht c.nuinecrina' rneasur_.:qc.:-t._, *.:i_h_ time mu!tiD]e:<e.,i ;at :_

once per ten sectmd tact, a_:,l t'a'<:ntv ::_ iltiplexed at a onet_ per hun-
d_ed second rat(- shall .... al!{_catcd to iRIG channel 4. TI,<. <entu

frequency shall be .¢,C_ c[_>, n.:i _,h_ !,:ta] d<,vi;{tion .-.b'_' be +/7 ' ;9

The mu]tiplex,-d .......<i,_na].-;}_-:; l,, ;i,-,x ....... upun bY a _-ate i{,_,_,t'" ,-,'umnz[_)_:if: .

to limit th, maxim:;,n rat, ,)f :a,"ae ....f t!".< V(() out>ut to 1].2 ._'1_<

sec{_nd and th, _ ms×m-<,:: f:,.,:l<C_ <{ ..rsf ;,, : [" ",'31u rt.:_-. - __ JiO 2 tt_', '"

than -4_45 cps fr(m_ o_.-,nt(-r f.,'e_i;.:,-..';,-,, The ct,',_r ;i t]'e reduc{ .,1{r_;_ti:
channel threshold sha]] i_, o _-_,,,.-. "ha:- :5 .'-,.'r(ent ,,f ful} s(a].:-.

3.2.1.6 Channel 5, Modes I "I'hr'ot,_,}; !'

"r_ } • • ...... -

:-ate, "['nc ::tel- f. ,_ :_, " ,. -_-,:_:.

threshold s!-,,ai] 1_o ::, :_, _ t!.._ - !-_ :,, r'_, _.: : -';i: .-,al, .

- ') 1 7 Chanr'td % 3d,.,dc Ii

p,. o _ 3_- . I ° Channel 6, ),t,,des l, tlI, ._':i IV

} 7 ' • ., " 1 !('°?2)till/:.: <}]2t _ I)_ ,_-, q ;,

+i_O "ps.

This i_ - },{,,c:_v e.hannel ....... " ;,----_,'_it-a;.,_ :, ,_ .... ;;._-. _.- y>-.

<,. ,:{.t_rc,,,,[ .....,;.,,:,_ ,,r. ,i,., , --,,,-. _'._'----_., ::-,_,...... "i".,_- d_<tinctive a.:-_vefom::_ z_

{i 'I']V(.'{] fF'._t]_ [%%,, ¢_{.},..,, ,.1 [!'_ _',+',_.. 1+': " _ -,..... - \k il', i", FB.,,,,.. [}t}}27i'"','.,=_,
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ce_ter frequency is 2. 1 kc anci :}_,. t<,ra! d<.viati,,-m i.s -6.4 c:ps. T}.,{-

channel is capab_.e _.,f tz-a:_;..->ittin_ c_ ,,_,,,_, _ _'avc_,qrm at a rate oi

four bit_, ,t"e r" se....,J.,-,-,,*."

'_.'2.!.t0 Channel B-20, ),lodes I Throug}_ IV

This is a binary channel used to transn:it two engineering measure-

merits which are already coded in a binary form. The channel is

capable of transmitting data at a rate of 2.5 bits per second. Tb, e

nominal center frequer,.c F is 2, _ kc and the total deviation is -4.0 cps,

_.2.1.11 Channel 8, Modes I and II

This is a binary channel used t_ tra_.smit on,: e::f:neering measure-

merit which is in binary form. f},c _i_c..:ne! is ,_apable oftransmittin_

data at a rate of 25 bits per s,*:_ -,nd The nominal center frequent F is
3.0 kc and the total deviation is _12 cps.

3.2.1.12 Channel 8, RCA, 3.!odes III am: IV

.... ,,_,,-,_ d.. a**ah_e t,.., the RC:,A portion o: the channel spectr_::n sha_ b-,__ ...a ...... - :_¢ ,_ "

subsystem for fifteen e:'_ineemng measu:-ements time multiplexed at

a 1.5 sample per second rat<: and allocated to !!{t(; c}__annel 8, The

center frequeucy shall be 3.0 k< and the total dcv'{ati,m _*50 cps. Fik

RCA channel 8 voltage c_.;ntro]ied oscillator shall be located in the

RCA subsystem with transforn:er isolation at its output. The RF
modulation index adiustr._,mt ,_:ail be made in the Data gncoder.

.l. 1 Power

]}_e regulated r_,.-.vcr ,'eq_: ...... ," _......

Table-_ ] ] i-i '-'

i Vohage
1 Volts DC

.28 _1 V

-20 _:1

-20 _+1 -;,

¢ f I '_:,

-'_\' ':-rage
Volta_ e 54tabilit'. }{ _p.':)l, i'. ,','_<, _-
IAmit :_ P_-r'ccnt _i <;'(;_k- _k)

................. J, _LL .....

_- I . '[it}

_t !'° ' " ,u,-_

]. ;

_4- . _±

Peak

l

Wnft _ ]

4. U 1
l

I. (_ 1
|

. . . {

!

]
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4.2.1

4.2. t.1

d. Rise Time

e. Fail Time

f. Duration

g. \_, aveforrn

4.2. _') 25__ Coml-nutator _-_.c_(,m<_

4.2.2.1

4.2. 3

o q I'bl¢, _--'e ,_.

Control Si_g_nal s

400 p ps Freq__ uencx_ Refe:-enc_

CharaeteriMics of CC&S P_,,_st

a. Stability ILi _,,cr'c_,nt

b. Voltage _ _; VDC supplied by t)-_a E>cc_dcr,

c. CC&S Gate Resistance - _pen , 100 k c, hms
c]_,seJ {50 <:h,,_ _s

i. _ /d see

;:_{t _1 St'('

so<, _iguce 4.2 .....

Characzeris,_ics of (7(;_,,S I%: >_

a. Stabiii,,y

b. Voltage

c. CC&S Ga,:e Resis_>,n, .:

d. Rise Fin-:e

e. Fail iin_c

f. I3x_ ra_ ion

g. Waveform

Mode Advance

Characteristics of CC&S t'u_s_

a. Voltage

b. CC&S Gate Res'",_.,_n_.....

c'. Noise D_,_ ,,,,i_m

d. bail fir::e

e. Du rat ion

f. W _ v e for m

,6 %'I)(2 su?>_i_d bv I)a:a En_od,,r

(:iOs_'ci 6{i o}],,_, s
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:.2.3.2 Characteristics ot Command 2 ' . _ ,_

a. Voltage : *6 VDC supplied by Data Encodc_

b. Contact Bounce : < 2:50 u sec

c. Duration : 150 ±50 m sec

d. Source Resistance = rcla';' contacts, < 1 ohm

e. Waveform = see figure 1.2-1 d.

,i. 3 Signal Inputs

All measurement vo]tages ar<- t{_ be a._ ,:t<-fincd in the T)esign Sp_,<ificst],:._,
Book in the column Data Enc'od,: _,- 1'._{_,,_ ]-h_nae Fh,, I]afa _..n_.c:,,i,,F j< _,

provide conditioning for all _<i:_:,_l_t_, ,.:',,_'t>_!, ti_t.:n in a form sui'._ab]_, f_r

modulation of t}_c rf s,d,syst_ m.

4.4 Signal O<_tputs

The Data Encodt.r shall [r_wJd,-. sicr_al ,. tmit._ for rf _nodu]ati_,_ :'..:,,d

a _-c.,und test

4.4.1 RF Modulation

The Data Encoder sb.a]] furnish an i._olated composite mixed subcarrier

sidnal to the rf st,bs\-atum, i{:_<}.., s_,d)carricr amplitude shall be capable
mod_,_d,_1< _. indicesof being ad4ust_d tr) pr_vide t}_c }_r_,p_r rf _" "" _ _ .

i. 4 " XtL'.:ed Si_,nal "l"c,<t C-_it" _t

An isolated composite mixed ._u}:carri,.r ._i:::ta] she.]] 1,,. F,rovided for

_round test. This outT, ut _:hal] }_,_ si_t-,-irc-_;_t !_z-t_,_f in i}_at a short _.,

ti_is output shall not aff{:ct th, n_odt_i_tion to tb.c rf ._ff,s',stem. This

output shall also ,b{ < o_,_., ctc,] to t};c, Ag:{*,'a telc:mcq-;ring svst, nq for
modulation of ti_cir trans:nittcr :it, lJ_i: t}]_.7 preinieciJ.on phase of ti_t"

Flission, The ._ignat to the A_'na tra__smitter :-:.}_a]i },e 1.50 voit rms
into a load of 10 k ohms.

4.4.3

Outputs shall be provided to enable gro_m.d tontrc;l cq,dipment to identify

the position of and control t}io data c,_rnmut:_t,_r and to identify the data
mode.

4. ,I. 4



t Subcarrier t_rcq_,_nc F - cr_s

Mode Nominal \;a]ue Tolerance

I 705 "8
- _0

II 722 r_

-8

III 73!_ 4

IV 75 (_ _ :';

1........................................... [ ......

5.0 CONSTRAINTS

-'. 1 Tota] Power ('onsumi)tion

The total regulated pc, wer c on._Un_l_ti()n ._b,_]! be le.s_ than 1;2. !_ watts.

5. _'-_ Maximum Voh,'me

_C_I_t't)tlt. 1" r4i" "" _The 1)ata - "- -. •...l_il Ll('C't4_', !1,' :;, .;!"' t}:.'..,Fl (_!lt? ,qt_iI?(]btF(t .,qpa(2_ - CF0 £+ C_St2"

":

The Data Encoder sha_l ,veia}_ n,, mer-c tt,_xn the. we':oh!: sl,ecified in the
[)esima Paramet_:r Functi(mai Sp_,,ifi__._tic.'_ RI.-4-1'20.

5. _ Environment

The Data Eneoder shall operate within tolt,ra._lces whi!,, subjected t_ the

applicable portions of ,IPL Specifi(ation 3"_201.
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:{03:69 l)csig;.: Si)cc;.fica_.ion, R_nger/Agena

PTM-:_ }:! _g}:. Equ,ii_n",ent. Command

D, cocking S}-stem, ,\synchronous

D£_ _1a_ C(.*m no:-'-.{Id De_ec*,or Subsystem

Spacecruft Des_, S)--=fi:'_,{o B(ok

RA-6 !hrough RA-_:?

3. DESCRIPTION

3.1 General

e _ _-The spac cr_f_ command subsvs<em shall de:ect and decode ground com-

mands in _he form of binary frequen<v shih k%ying of an audio frequency

subcarrier as shown in figure 3. i-I.

The subcarrier signai is _eco-,er-cd ",_ ,L ,_ ,,}te sl)accc_*aft _._a_..",, :_- -_-_

is applied to tt:,e spacecraf: comma,':d subs',-s'en ", which shall be tom,raised

of two elements, the comn]and _ _+ "< _" *:_(,o,e< 9. and ..,_, cv:m-_mand decoder.

The commc{nd detector establishes hit s.n< }_nd detects each digi* of each

co,remand word. The binary digital <:,,:)ut of the (ommand detector is

applied to the inpu< of the c'on_,n_and decod<r. This elcrnenl then decodes

the eommalld address, and proceeds T,_ pgoccss the <>_l_rnand in _he ap-

pr0pri&te manner. Stored commands a_'e applied lo !i_e CC&S in seFial

binary form, and real-time commands are executed by mt,n',entarilv

actuating the designa-:ed relay within the command decc_der.

3.1. t Cornmand C:_!:):__n_ n,

The cornms.nds r{'{tui.,'ed for RA-_; rh_.c,,,._g}_ R-\-'> are lJst,-d in table I.

a. Real-: i>.'_,_: ,', q,: "--, ":

b. Stt}Fo(] c'{,i]]y]]s__t_iS

3. 1. I. I Real-Time Co>._nqands

3.1.1.2 Stored (Lu>;_ _.,:ds

3. i.2 Word Forma<
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3.2.2.2

and the OLlLptJl c.J[ __" t>tl_.-t_t(:lJC <1('{0<.';0- + ]> ,-._'FO,

The de. Mgn:d friJ',!, "he env,:ic_lj-Je <b.te,"c_r a,..',,iot,.s :,. :'4ei;ii_P<l Irih*_e.,-
(STI) ",vt-.,ich _,::nvrr_es binary ,)l_ms and .:c _-,_._" _oi,-:<, +o <sat+-- A5.

If gate A5 is open, t,h,:, b_;Hury ":_r;es'" :>rid _evr'os" ,'ire passed througi_
the emitter follower :_.:M om of _}_e c c}r_n.,.and dt:t,-ctor.

The output of S'FI is only one of " '_ " "",n, t _ .,,tmts to _ate A5. A second

inp, ut is received fron_ a,nc_hc, r <;chmift "ri_ger (S'F2), which produces
a one" ,._hen _he _r::n:_pouder ..\(;C is .J a _:ffficient level *o insure

acceptable signal-to-noise ratio.s. the ou, pm of flip-flop 2 (FF2) also

..... " '_ I_. prodtlCeS a onegoes to A5 and durin< n norn:al cycle of Ol>,:r',,Ilo,, "+
output. ST9 and t:i,'-) +'_ . _ ;:],'_1 !]lll_4_ _q[{" '_D to all,,w a comp._and _ord to

appear at the ou_pul _;f r<-, ,on_,, ,{nd ,!,._c.(:t,)r.

Svne

The dif{ital h)g/c o f _h,,, o_,r; ,.nd deter[or c'{m,qists of _w{, flip-flops

v. t_ich control g;_ti_< hl_> "7__;_, ;:_i :_ ,; ,. ,"7,.(_4 of 11 hinter',.: <]ivi,::iers

\vhic'h ('{Jtlllt {{o'.'_li [l'o_,'ii iii_ > 25 iji_s ,']_ ',,. i>.:;<" to prod_lcc <t t pps

bit sync pu]st- ant: _ rt,-,{.t !)t:[.5,. :d in,, , _<i of a 7,,<-q-,.t._t.;<i eountin_

period. ]'lie norl;_a] .<+_,.!u_.,'l,",.- r>f ev,.nts in ih,. ,jpcr'ation of the syne

Do

_vliicii pr,_d_;c<'>_ :- l:,i_, try one ',v}'ic:l is applied to A5 and a
", _, is applied !o _.:ates A1and 0t;binary ,:',:'1"__ _t.'__ili), _

'lb.t' frn.>_ip,_, bit _:; r,.<.c:,v,.d _,j ;,,.-. _._;_:rY:and d<,teetor which

pF()(Iltl:,'- _i })[r', ,i",, "()li(_" {{l l, he_ OUtpUt _f 5'F1. "t'i_is bit is
s,'nt to __t, A5 _m,i in',('-' (t to i:t,'1.

[h<" IleQgt. lv, _ _)_::_2_> : +t:l', ul !it: > i_l[:,ut _tf t;'t;'i sets ,,he flip-

flop and p.,-,_iue,..s .: !d,,:{/'\ "one ..,,hi,?}i opc.r<s _ate,_ A1

and A2.

d. 25 pps. _':<_,k p<,,>v:_..... p_.s.,-_ <; :h_',mt>h.__ gt_te :\2 a:ld into the

i,inar) ,iivictcr c:h:lin v.i]er_ til,,y _.s',..counted down to a
] pps rate foe_ the },i1 s\'nc,. ........,_,,<.,_,-_ :_nd d_,_ reset pulse on

the -." , p,,l< 'I'!_{:, pulse is del.ayed;',(,t_, })it ::c/no .......... :'. })it %;yllc

'3'2_ n_s from the? l,,;idin< _,d_c of t,, framing bit Next,

the bit syp, c p, ls,..' is p:_,_',s, _i thr,-mgh an en;itter follo_er and

appears ai ,&e output of ihc c',:_.,_:mr_nd det, ec_or.

e_ Tho _,:.<_,', p_ise is used t(> ,',.:set l"t :'_` which closes gates

A1 and A2 :an(} ,,_d'',_ ,>',>d _cs :i l'e:-_.* puts,' for ICF2 and

the bina<-v divi,ior +.'!!;tin l}_,.r,4?y <-o_,_pleting a cycle of

()pt' I"gi*,i Oil.

I

/
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3.3.2

fi If the Af;C shouid,drop}_lo_ [hreshold while gate AI is
closed, a binary zt_ro will be prodm,ed by ST2, in-
verted, and applied to gates :\1 and 0l :,.hieh produces an

iPdMbit-dump, signal at the output of the command detector.
The binary zero is applied directly to gate A5. When
the AGC rises, the inhibit-dump siKnal is removed
i m m_e diaD:d v.

go
tf the AGC should drop below threshold while the command
detector is in a cycle of operation and gate At is open, a
binary "'zero" will be produced byST2, inverted, and

applied to gazes -Xl and 01 which produces an irgnibit-dump
signal at the ouiput of +_-< com:nand detector. However

since gate A1 is open, the si.gnal.pasaes through and sets
FF9 ,,_hich applies a binary one to _ate _t to maintain
the inhiMt-dmnp signal and ._ binary afro" tO gate A5 to
block an', __.c:,_nn'_anci ipfo:"_na'i_n v _ic.t'., may appear. The

binary 7t.ro" from g|-2 is _dst) applied _o gate A5. When
the AGC rises, _h_: ilfl_ib_t-,lun_p Mgmal is not rcmove'd until
FF2 is __e_<t ::t th, .,,j t,_ _i c ,.v,_-te.

Command Decoder

Block Diagram

Figure 3.3-1 is a logic diagrc.,_n of the c'o.mmand decoder.

Sequence of ()peration

The bit sync pulses front me con_mami det_.clor trigg,.r a single _ shot
chain which produces three svnc pulses s*ag._ercd in time. P1 is the

timing pulse, P2 is the s_ored comm:-nd sync pulse, and P3 is the rcad-
in (shift) pulse.

The binar>- comn_and received fron_ the co_'.._mand deteelor is applied
to a Schmitt trigger fop shaping and for producing the con-_plemc:.ntarv
outputs required by the shift registers. The normal sequence of events
in the operation of the command decoder is as follows:

The framing bit sets flip-flop 1 (FF1) which opens gates
A1 and A3. Opening Gate A1 allows the timinR pulse P1
_o reach "_-_t: t.:,_,_,,_......, n,,nfing chail_ and opening (;ate A3

.. • 4allows pulse P3 to .-,hff_ the first bit into the shift registers.
L;ach succeeding bit sync pulse generates P1 and P3 to
continue the count and to _:ominue shifting the command in-

to the shift registers.
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{)n th+_ ]g,;}; ,;ol!nt, '}!,? i)F(_gP:+n_ P.':,P£F_;X pr.o:blr'(e.q a T;-tlls.<:
whi._h _,i,<Fa',-._ a r<.Inv ,-irge,+P. The rptav P1o._u'ce is used

qb\' CC&Y, as a:-'+ al,_ct r>',_.-_(..

After the Igth read-in pu]s,, ,h_ .shift regi,;%ees have ti_e
fir,, addr_<_, bits in .-+hilt r'..:uist+.r._ 1 _b_r+,uah 5 and the

1_ r?gtl_ltlCi_' _?_! polariiy hi'.'>; in shift r,'_is_+._'rs 6 through 17.
The fr:_.n_ing hi' ha:_ b_,.n .-;hifted c, tLt and losL

On th,: I "..'h ,'ount, a pu!s<, is Dr'cw!uc, c-d by th.,_r program

matrix :_nd aD_diud,. . 1o f.[a',. A_; :_l},+,,inf{..... the_ 19th+ 1,t tr_ trigger
the matrix <_q)ply s',_itc'h. The pulse f,.'on_ the. matrix
supply saiteh is applied to ttw address d_:cad,:, tuatrix where

it is routed m the, ap_>rc_!,r_ate rmtput line by the command

address c ,+<,v aim,d i:1 >'_n:"-__+ ,',_-ai st er.q 1 ,;ira' ii ech 5.

If the addr<.-.:-_ is ti+ ,:: of a :,:':_l-ti_n_, ,"o_n-nand. The matrix

supply. _ puts, i_ r'olH,-c!. !o _}:, :?pi.}p<)t}Fia+, .... r'elav driver and

i)17o{]l-lt_'s a Ft,iAv i,>-:.iFc for' lhe, ,'hlF+Jtioll Of t}l¢' pulse.

If the achiP...:,_ i:-+ ttm_ of :_

supply pu!.<, _ L- P_r,i_, t_,,'
(FF2_.

:<it)f',.c] +'()))il_itttlqJ, {h; )7llAtri.X

,mgh g:_l, + I_'2 t¢_ .-_cd flip-flop 2

When t,V2 is s_", i, ,,t+,.:_s __":-+cs %+1 nnd A5 nnd ,,-]c_;c._ at:re
A2. C;at+ .2.t :,]1c; + _ [2 ,,_ tri_e:- tI_e s1,+,l'<,d ,',_n-_t_and ,-+vnc

pulse -;,,vi;+-_: +o SUpF.i F .<vnc pulsv,_ _o CC&-5 to stt_P_-- the

comn_and. (i:'-.te A? -dlo,.vs th(. co, ran+and bits ,o apc, r:-fe the
st()r('[] CI,tltIIILIIld i't'J,!'i ,ilt(] IF[ilISICF the ('Oll:l],[Jl?d bit:q to tiie

CC&S and "..,_ :h,-_i:'_ta _._,<c_t,.+r for m(,ni++_ring. (k, tt' A2

pr,'vem4 th(. inhibil-du:, p :4iglia, fr'on. _'t'.-_'Ilin__{ I"t"1.

()n the 3<th ,_ount, the pro_4r'z,r> J_:atrix lu'+,,tu,.:-:._ a m'l:;_ +
•ahich passes through _nt,_ 01 an(] re>;+ds bt;'l. \Vk.,'n FF'I

' + tC.q.is i'_:s_'t i[ clo5 tS r_-_ il 5ltd A3, Fo.-_t'ts },"/o1 ..c,, &lid Ft_:_'i:_

the binary _-_unting chain to "::ere".

If an inhibit-durnp sigr_a! is applied v.l_ilc a .<toped eon_mand

is b_qng read into the ('c'_<._, it i.-_ bl(_:kc:d by gal_, A2. This
is dane he(,ause the ,.,_'_tir',, con,n and i.q ._tored in the com-

÷' tJP._an(] decodc-r at ms ::_c and +h{:re is no reason to inhibit

the read-out, tf an inhibit-d,t_ p -_ignal is applied while
a tenth,and is being{ re:_._t inio ih_+ ,',_,'nman.d deooder, it

pass,,s through_ , gates A2 and oI. , resetting F'F'I and terrain.

ating the cvcle t,h_ r_qD' i _,'ev ,+nti nga n 1n( on,i.}h.te ( ,,m._.'.,/and

from b;*ing acted on. tf F'Ft i;_ reset, the inldbit-du,q,,p
4'e,a _signal i_as no _:,tc 1.

b_:ina _<<+_?et'sted up,+n ini*i _1 po>,'r' ;_l,t,]i;.::tic,n.

1{}

I ,,
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Inhibit Override .

Automatic Initiate - When the system is fed time of day code from

the time code generator, it shall be possible to start the trans-
w _ Wm_slon of a ord or a series of words

-2. 2

; to v_ _the between words from 20 to I





and may mitred by
the words_topt6i, :.s-wire-hiEing over zo mode 2.. turning

and depressing the initiate button. :_ ......:i

Had it been desired to send a series of words,_ the punch would have been

operated once for each unique word, so that a tape would have been _:.i.
.=rated containing only serial unique words instead of three of a k_nd. :_.

I have

r
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7 : The command WOrd or words are fedto the tr_mitt_r modulator in_
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4- J,,,,O l l X l[
z
_r

4-J-1 X X X I[

4-J-2 X X X X

4-J-9 X X X X

, I + JL . .

| z- +. _ +] +" + [

L

NOTEt l_ X IINOICAT[I TN[ m(&|Ull[N(_" tl I[ll_(i MAIl

, ,, , ,

cor.a4_T.,_xnr

Et_.i_EER

MILL

,, r +

" M+_c

M(I${NHOLD_R

MtlS(_Xo_o(_

u

MILL

DA_LGm(N

M(Is(_xouo(i

HIEt S(NHOL O(at

M( _lll[_Ot pith
j ,, _

,, _ ,,

mm
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JPL TELEMETERING CHI_NEL ASSIGNMENT
PROJECT RAt4G[R _-5_ :

SYSTEM CC & S

' ,_ _INED
DATA ACCURACY

I[_IAI411EL I MEASUREtltlENTS kiiEASUREMEHT ENCOOER OF DATA
RANGE INPUT ENCODER

RANGE & DATA
REDUCTION

400+1PPS

B"_'! CC _ S PROGRAN _¥[NT 4, _ V II_UJ. SE 3 I1_¢.

0 Te _!,4 0 're _ PP_

rT/sc¢ '_ +5 V Pu.Lsc .

J

S_U_PLE
RATE

CORT.

] ,

CONT.

,

COIIT.

I I

L

,I

JPL 0309-1 DEC 60
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, ! x

i
x!

i
3

l T, ..... l I', ....

1-+ 1
1

/

+
--t

X X

8 -

!
+ |

X

E

r

--- +

1

t

MODE4

Th+'+_,he,+<_ D+_+_+m,:,

i , .

_Arn_

J ,

X
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RL=4.380 -

TELEMETERING CHANNELASSIGNMENT
PROJECT R_G£_ _'- .,-

SYSTEM CE IITII_L POW[R

CHkHHEL

4-E-£,

4-E -7

3-F -{:;*

3-F-I

3-F-2

3-F -3

!°F-.4

3-F-5

2-G-1 ÷X PANEL

2-G-2 -X PANEL

2-G-3 -X P*NZL

4 -M -0

-H-1

-H -4

I_E ASUR E_ENT

ME ASUR EW_ENT$ i
i RkNGE

÷_ ,ANCL (419) *-,c.[s

DATA

ENCODER

INPUT

RANGE

0 To 5 VBC

0 _'0 5 AMPSiCI • ,o 5 VDC

CO4_IHED

ACCURACY

OF DATA

EHCODER

& DATA

REDUCTION

SAMPLE

RATE

t0

%0O

lO0

lO0

lO0

Powz. ceNv{.'rc. J 0 "e 4 _ VPt_O -o _ VDC : 5( I00
A/C (_3) ve_Ts _ ....

POI_[ _ tN¥[RTER 1

!0 To 4.5 ¥OCi0 To 5 Y0C 5£

• - ]00

_T* r.r_r_ _417) vn_ _$ _ .______L5VDCI0Po_ CO_V[_Tr_ :0 _o 4 _o 5 ¥0C 5_1l 100

' POtlr( III N¥[_Ti'R J

SC_Z_T*r*C (4A8) VOL_S t 0 ;0 4.5 VOC}_ -o : YOC 5_ l_
& L-................

_X _''NIL ('4A9) rnO_, _'I::w,. -"-4_

' ,o
(4A9) #_ACW_ TEMP +l,;5-F ]Lv.,_l+O.'_25¥!)C 5_ I00

(4J]O) rloNT ';Ewm. +i450_ __ .

(4AlO) EAC_ TEW_I. +145-F
|

$O.{A_ _wEL #.,,,:Ti,_S;Ol_i [V,"_T Ji ¥ STEP 5_

............ f

POwEI eOOS'r FIE&. 0 TO ZCsO°F O_cw, O.5¥DC 5_ ' !0(09(4A2) TIWp.

POV[R' CON_ERT£_I 0 _O 2LK)°F 0;c*O.5YDC 5( I-C)Gw_

AI'C 4A3 S[wp .....................................

|_Y[_'TEII ' (4k_3) VOLT_ • _ 'TO _. _'-- YDC!r'.o._SVOC I _$ 1 '_O'C_'

tO0

100

IO0



MODE1

3-F-7

Sp(_¢(l
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4 -M -5

4-H-_

4 *H-7

JPL TELEMETERING CHANNEL ASSIGNMENT
PROJECT _ li_£R _'-.:,:

SYSTEM CE, IITR&L POII£I

ivIE_UR EMENT

RANGE

ii

i COt41NED I
DATA ACCURACY

ENCOOER OF DATA _u_P L E

IHPUT T ENCODER 1 RATE

REDUCTIOH $EC/S&HPLE _

tOOG

10
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[

!

1

i

COGNIZ4J4T

ENGINEER
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JPL TELEMETERING CHANNEL ASSIGNMENT
PROJECT RAW6[I _ ,~ !:, ,_

SYSTEM CON_UN ! C_T! ONS

COmBiNED

ACCURACY

OF DATA

ENCODER

& DATA

REDUCTION

I0

B -ZO

12



t:{L -4- 38O

W_DE I _DE 2

l

:_-D -0 _ x ' x

3-D-_

.3-0-2

4 -E-O

4 -E -1

4-E -3
i

:-

z

4-E-5 I
........... j

i

1

4-J-3

I X

1 x
{.........

I'
!

}

f X

t
i x

x

X

t

t x

1
i x

1

.........

.......... ] ......

I

i
........... ......

B-_O t X

l

0-19 j x

_OOE

x - -

....... i X

--- i. X

_ X
t -

x

!

X
..... .+ .....

1_
! x

l

.....

X x

I_DE 4 _ODE ._

.... ........

t x............!

t tI X ,

t ............ f

I(
.....t.................. i

i x 1

l

1
X

1

,-f ...........

x

x

X

.... l .......... }

NOTE; AN J[ _N0_C'X(S T_( _(ASue[wE._,_r _$ B(]NG _4,,Br..

I

-T---

t

f--

COGNIZANT

ENG_HEER

N_iSON

_THI$O_

NAT_$ON

NAT_3ON

M&_t$ON

N,T_IS0_

_TMZSON

WtLTS(Y

_P_ r_30Q-2 C.EC 60
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JPL TELEMETERING CHANNEL ASSIGNMENT
PROJECT RAf¢6[_ ! -'-,'_

SYSTEM k__ D-C 0'URS[ PROPULSION

CHANNEL

5-A-O

5-A-t

MEASUREMENTS

..... --*-'M/ C _Nitregen Tank. Temp.'

M/C Nitrogen Tauk Temp.

T
t

P$1J

DATA

ENCODER

INPUT

RANGE

.0.25VD¢_ I--- 5___

4
_5_*

+6_ VDC {

I{[ ACCURAcyCOMI_INEDoFDATA. 1 SAMPLE

I REDUCTIONENCODER&DATA _E¢/SM4PLERATE

10

0.2

.............................................. PS t Ik + ................. _.. .....

.......................................... 0 :o 360_--

................t-=...........i................

t

t I

I

.....o ,o.__.__...._.._ooo°F.........+o.zs_voc .j_ 5_ --i•

O000To.,Oo.,aO00,,o00o,O00°,O0:_o,._._+0.,5+0..,5,_C,ocV,Co¢ |iI' _5_S i

o _e ___ _ZCX_*_'_.._+O.eSVDC ! 55

DUE _ro _o_s[ {wtot _ _w.[SWOLO DURING MIO_&OURSE

-|

1000

10

10

10

10

10

10

_..._10

10

.;PL [3C_.I DEC 60
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aPE TELEMETERING CHANNEL ASSIGNMENT
PROJECT RAN6ER P-53

SYSTEM $C| [NT! F| C

CHANNEL MEASUREMENTS MEASUREMENT
RANGE

, t
! 0 to' tSO'_it:

I NA " N.A."

t ....

• RCA CM. 8 VCO 14VLTIPL.(X(D V)I_ JPL T(L[.

x,,.*

JPL 03C_;.IDEC 60

16



RL-4-380

CHANNEL

6

8

........................... t .....

]

_OOE _ | _ODE 2 _ _ODE 3

i

I x _ -" i x

_-_I_i

---2.............i....L....

I
i

l

!

i
__ !

l

I

i

I

I
I

i

I

_ODE 4 ,,_OOE ._

............. C_NIZAHT

........ T ..........

l "

X l i_ o:

, I
............ 1 ........ , .... t ....

! i .....

i

, I

...... @ .....................

1

---- |

i............... ¢.....

'!i

i

t

i

I

I

i

I

[

t
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JPL TELEMETERING CHANNEL ASSIGNMENT
PROJECT I_WG_'I :'-

SY,_T{M _{ SC__LL INEOi,_S

CH,tbtHEL

8-_-2

3*-F .._

2 -G -,¢

? -G -_:

£ -8-4

2 _- _-

3-F-9

_-Zj__),-*-

Z-G-_

4-J-8

4 - E.-_.

4oE,.4

_E ASUREkt4EMTS

................ t

_vlo P_G. TE_Im

REkSURE_ENT I ENCODER _ OF OkTk i $.-k.k_LE

RANGE ! t.PUT { EHCOOER ! RkTE

i RANGE I & D*Tk I

[

[ ..... I ......... T

HOwls ! -| v

I 0 :o ;OeC

j ............................
CA_I_glt_tR - H_GH

i i

1-

+0.'75 _OC 51( ; 't00

................. --"4-

+0, !Zb VDC b_ I00

0.2

I

CALfi_Ag|O_ - NIG_

!

_AL_eRATIq_q - HI_

_A_ i_RATI,I!IN _ Nt_H
|

|

! +,.o,oc , ,_;" l

; o v0c 5_ '

0 VOC 5_

* i

i "- i

o voc 5_ i

o .c 5_ i
.................

!

!

.,
i

|

_DG

1_)0

t00

1000

loo

_P_, 03C_LI D_C 60
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................E -8-4

2-G-7

3-F-9

4-3-7

2-G-9

4-J..8

4.E..a

I

I

I x

!

i x i x

x x
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This specification contains the JPL telemetering channel assignments for the
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RL-4-381

JPL TELEMETERING CHA[',__L ASSIGNMENT
PROJECT RANGER P-54

SYSTEM ATT! TUD[ CONTROL

)
DuE TO NOISE Cm_O_ AT "W_ES_OLD DURsNG MSDCOURS£

SAMPLE
_TE

I

O.Z

0.2

0.2

lO

_0

;o

lO

iO

lO

lO

I0

0._

0.2

)
!

JPL _30_.! DEC iO
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Pd_-4-381

_L

6 -B-2 _

c-B-3

JPL TELEMETERING CHANNELASSIGNMENT
PROJECT R*_G[_* 14

SYSTE_ _TTI TUDE CONTROL

tWJE_IJ_EMENTS

i COMBIHED rDATA . ACCURACY

MEASUREMENT ENCOOER _ OF DATA SAMPLE

RANGE tNPUT i ENCODER RATERANGE & DATA

......... & _E_,_:_ .,c,l_.A_._

-÷13 3 ¥I)C "i .... --15_* a_ 0_2 .

*250 +I3.3 V0C _. I_*- ----............ !........... z:.:.........., o. 2
i t

.........................' 1 q
tl bbL " .:, *._20 Vl)C 5g 0

÷Z qO

+::3 _3_ vDc -_ _ _ct ? .....................-f ..........

, ,

CroJ: .psi• ! -*;" VDC _ 5_ 'OC

,_ I _............

• "-;L, F +_[,.i;__ VDC j h{ "tC_3

..............r .......T.............!
t i 4-_ To I

° d i*_:£_'F , 0 ,'tO*':;, .VO :_ _ "2_.3'0

............. t ,L I

I

i

•_X PITCH JZT V.wIN£ &NGLiE

3-D-I

3-D-3

]-0-4

3-I)-_

3-'_-7

-F -8

2-G -b

4 -M -;4

4-J-O

r _j -I

4 -J-2

4 -d-9

P_CH RaTE _v_D (CO_SE)

_IT(H SUNS(N$O_ O_T

Y_W S_wSENSO_ O_T

AN_E_,_A wINGE _NCLE

ROLL RATE G_O {COAP$[}

N{TPOGEN Ta_ _eE55URE

_/C

_TROG[N TA%W TE_P,

SENSO_

-Y p_tc_ (7A11) sL_ s[_so_

_E_

OlFrER[N)IAL (TAI_VNUS

_A]_) _UN SENSOR TEwP

t C) i

--I X) F I Oro-::: 2VOC ! b'_
......... i-............. 4--...... _....
• )4 TO+I, "i _TO--O.(_'{)C ! _

) f
14 _0 +{,i,; Fi ;. _ _ ; a_" !

l- $ -
;o *9:; F 03o O 2VOC ,j{

t !

IOC©

l0_3

1ZOC

!

,_PL 0)09 ( DEC 60
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' ' ' I ' "

110o11 IlODII2 MOO113 lldOOl4 llOl)ll S
b ,

)

T,u,-

II I

6-1-,,2
X . ,, J •

. L , ' _

,, L --u

X X W 0AMLe_[N
• , , ,.... i lq i

411

t i , ,,, i i

t-1-3 . ! " . - N,_
* • I i

, t
t

3.0-I II X l X II,,.L

3-0°3 _ X X X I X * _l[,Itw_o_oct_
[ I I , I ' q

3.0-4 X X Z X M_,s_oLo[,
,,q i i

3-0-6 X X X X IIl_

J _ , j , ,

3-P-8 X

iiii | t

Io114 X . X 11 OJ.LQeCN
I ,,ql , ,

• i illii _ .

4*H.1 X X X X Ilou_o
,, , t

t

I i pi _ l • , itJ

4-d-O X X X X NCSltN.O_OCn
L

l l .... _ . ,

L L
4.JoI .+ _ X X l _ . MIJ|CNNO_DI_,,

4-+,_ I X X l MIIIIkMOLOll
,l 1 l

+

4-Jo9 X X i X X Mcl|mm,o_olm
+ + / J i , m

, ,,,

I J L t III

IIOTI[I Jl_ X +mO*ICATl[l I'_I[ml_l_l[ml_' (l ll:JmO m_(
Ill

I

i L,

iii •
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1

JPL TELEMETERING CHANNEL ASSIGNMENT
PROJICT IANG[R P- 54

SYSTEM C¢ L S

III I II I

400 C,P,$.
i

_ASUREMENT
OATA

|t_'OO4Et
INPUT

5 1' '_U_II[8

I iii

¢O,_mED 1
ACCURACY

OF DAT&
tNCOOER
& DATA

SAWPL|
RAT|

I

,q t . t

i i 1 i

C¢ A I pA_,. [vt,_
i

i

+ § ¥ eut.sc ¢0NT,

I

t i

8

L i L . i

0 To t_4
MI _=¢ou_|[ Ac¢[_,lnA'rtou ,rT/sl[¢ G

i {

H, J ,

, i

I
1

, , J

i

• r

CONT.
i

i

i

i

i

i
ii l

i

i
i

JPL, 0309,_ DI¢ i:



_OIEI MODIE 2 _IOOIE3 MOCHE4 uOO4t S

t , ,,

* I J ..... ! ' '_ . '.....

1 X X X I X RAT'X'tmCq_

1
1

II,,.,Z.I X X _ _ • X Harr_on

I iJ

r t I

8 X X o - H*_O

1

Ill i ii

!

J

n

F

I
......... I rlr r

NOTI[T A_, X I_OtCAT[ll TNI[ MEASUmCNENT _| ti|_e MAC}[.
"' ii n _

,_L OSO_,,3CHIC6O
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JPL TELEMETERING CHANNELASSIGNMENT
PROJECT IIAHGER p- 54

SYSTEM CEIITttiL POM[It

r

C_ M_

_a I L

3°0-8 Pov(n Iv|TOM vo_:,s[
llll]

i

4.E-6 ÷X PA.CL (419) J_'C.(S

4-|-7 =X P_N[L (4410) ANP[t[O

*_E_SUItIHtONT ',
lUd4GI

+ItSTC_I V0C

i

DATA

]

0 To S YO¢ i

0 To 5 ANP$ 0 'to 5 VOC

0 To 5 _PI 0 TO 5 VOC

COMBJHRD

OF DATA

& DATA
RATE

I

10

3-P-0 -X P,k[_ (4&10) vo_.'rs
i i

3-P-1 *X Pa_l[I. (419) voL'r|

pov. co.v...
 .F.a A/c (4,3)

Povlsl t_vlnTlll
3"P_ LnA_rA :**p_m.m (dLJl?_ v_ _rll

pwcm co_v.1'c,
3.F,.4 c_.o 14_ 1 vo_rl

PCYd(tl | NV(N?l[ll

3-P.5 sc_:_Tfrlc (4i_) vo_1's
i

3-P.7 Pov[w tVSTCM CUn|NT

I ]

20 To 35VOC 20 To 35V0¢

l0 ,to 35 V01.LP0 1'o 35 V0C

0 TO 4,5 Y0i;0 TO S YOC

0 To 4,5 V0C_0 To 5 VOC

0 To 4,5 YO¢0 To 8 VO¢

0 ro 4,5 V0C 0 1'o 5 ¥0¢

0 TO I Ok_P8 0 I'0 5 Y0C

i

i

e))i iO0

i i L

55

51t _oo

H

+_0,108 yO¢ 55 l_

u

+.o,l_ voc 5al _

•..o._e5 voc _ I_

6 V m1'ce _ I_

O_0.SVOC

Ox_O.Svo¢

07o,,.5v0¢

i i

JPl,. OlO;.1 OI¢ 10



- "r

3o0-8

,,, ,,

I WIODE I

CHANNEL "__--ha, t m._==_, i

i
i
I

4 -E-(- t x
|
!

-[ -7 ! X

3-F-O 1 x
!

t 'l .4

3-F -I i X

]MODE 2 i_DE 3 _ 4 h_DE 5
...... COGNIZANT

x ' x t x ' t
r

]

i X _ X X _ lq ftchle

' X _ t i
I ' i X i IR tt (:hie

! ........... A __
i ! : X X _ ' Rltch_e

.... ;

3-F-2

3-F-3

3-F-4

3-F-5
i

2.F-7 --i X

f
!

2-G-O i X
t
i

? -6-1 _ X
I

Z-G-2 l x

_-G-3 X
i

Z-G-8 : X

q

-H-O X

l

-H -I I l
.......................... -.i-

t

[

t .... i

X

! x I I

....? 7-,
...... L........._ ........._".......

l
!
1 "
I

i

"" ! I

t
X

l

t X
_ ,

!
L

l X ; i!

I

i x

r-- ! X

!

x

t X

!x

_ X

! x

L x i Ix

..... 4_ _._

A }mar ue r

i X i b:_ c._aer

r{............... ;}.......... _. .....................

i X V, Ach_e

i x I I _.-, ....};,._tt ,_.,

: i
i X ! _tchle

11 X }1 McP_E_sON_.

, !
!
i Al:>a_uer

.......... _ ................... 4 ...................................... 4- .......

!
}

{ :%l, >,,_ c"_:':-'_

, ,, ,,
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JPL TELEMETERING CHANNEL ASSIGNMENT
PROJECT t_A_ P- 54

SYSTEM CEIITR tL POti[|

Idd!_UREMENT5

4-#-5 PovcM 4OOCPS 3 P.AS(
;NY[,_T[R (4A14) VOLTS
SOLAR C[LL SMOm_ C_mCUIT

4-H-_
A_P(R(S

" SOLAR C[LL OP[h CIRCUIT
4-H-7 VOLTAGt

4-J-4 _ATT[RY T[MP[RATUR[

4-J-6 Pow[R SVtTC.,N_
LOGaC T[MR.

L

MEASUREMENT
R_

0 To 4.5 VOC

0 'to 200°F

DATA
EW_)ER

INPUT
RANGE

I

0 "to 5 V0C

0 To +0.SVOC

0 _o O.5V0C]

0 "to -0.2VOC

0 "to -0.2VOC

n

COM_NED 1
ACCURACY
OF OAT&
ENCOOIER

& DATA
REDUCTION S[C/SAHPLE

1 •

1000

1000

1000

1000

1000

jPL03_._ DEC 60
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w_OE1

I 4-R-5 X

4-H-6 X

4 -N-7 X
t'

4-J-.,4 X

4..J-6 X

I

L_

L

MODE 2 k_DOE3

Th_elhvld D_ta_, TM_mhold Dhn_._ •

l'r.u- B*_n Tr._,-

r J L

i
X X

x x

i

X X

X X

X X

MOOiE4 MODE5

T_,lho_ DL_,,t©_ T_re_ho|d Di*_a_e

I
X

X

X

COGNIZ_T

EI4G_EER

Alrnaguer

Ritchie

R it chle

8ANI:S

Almaguer

j,

wOT[:

I

I , I-

_N X It_D_CAT[_ THE ME&SURF..ME_T _S BEING MADE

JPL 0309-2 DEC 60
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JPL TELEMETERING CHANNEL ASSIGNMENT
PROJECT RANG[R P-54

SYSTEM COW_UNI CATi OtIS

CHANNEL ¢aEAkSLntEMB413

r r"r

3-0-0 R(cc,v(m Am: (coA_s()

3-0-5 mtcc_v_n AGC_o,_sc)

_(C[IV(R PH&S( (RROR

3-0-2 (CO,.S[)

MEASUREMENT

• I

•_o-140 oeN
[

DATA
ENCOOER

INPUT
RANG|

,2To+5,75VIX

C0¢_n(SO
ACCURACY

OF OAT&
ENCODER

&DATA
R|DCICTtOt4

sS

,J

SAMPLE
IRATE

$EC/SAm'L[

lo

10

+j .5 voc s_[

•50To-140oe. +2To+5.75V£X 5_

:2000 CPS Io

tuuu

lO00

CONT.

JPL 03_.I DEC (tO
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MOOE 1 kIOOE 2

CHAI4HEL 1-m._ u_,_e Th..bo_ O..,.._.

it i

_-D-O x 1 x
t

3-D-5 X / l

3-0-2 X ' X

4-£-0 X X
4

4 -E-1 X X

MOOE3 MOOE4 MOOES
COGNtZkHT

Tbre.k_td "_,a_. Tii_.holdDiot.,,_. ]T_,.hoU 9_,,_. ENGINEER
r

Tz.u. B.e©m Tress- Be.,_m T_-

i I

i I

t '

X X N_ T_ t SON

X X NATHISO_

X X

X X

14AT. tSON

NATNISON

MA_tSOS4-E-3 X X X X

t • , i

4-| -5 X X X X M,T. as¢.
,

4 -H -3 X X X X NATHtSON

4-J..3 X X X X NAT.,SO.

it_ X E X X X

S*_9 X x X X

l i
i i

NOT[: A_ X I_OICATE$ T_E MEASUREMENT IS 5E!NC _A_[.

STOt.AR|K
, i

_|LT|EY

JPL 0309-2 DEC 60
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JPL TELEMETERING CHANNEL ASSIGNMENT
PROJECT RANG[It P- 54

SYSTEM #! D-COURS[ PROPUL5101

,, J

CHANNELi ME_IJIR EI4ENTS

2-D-5 M/C Nitrogen Tank.Temp.

5-k-0 M/C Nitrogen Tank Press.

5-A-] FU£L TA_ PRESSURE

.....4-H-8 M/C Nitrogen Tank Press.

4-H-9 Fu¢L TANK PAESSUR£

] . !

4-J-5 Fuel Tank Temp.

2-D-O N/C _eTO_ E_AMB[R T[WR.

2-0--2 _tC MOTOR CHAMS[R TEMP.

2-D-3 M/C MOTO_ CMAMS[R T[MP.

2-0-4 W/C ,OTOR ¢,,M_E_ Tt,.

2-0-6 W/C _To_ c_A_s_e _E-p,

2-D-? _/C MOTOR CHAMBER TEMP.

2-0-8 N/C MOTOR C.AMBER TEMp.

_-D-_ N/C MOTOR CHAM_ER TEMP.

klF.AI_W.EMENT
R_$1GE

-,£_'r TO "" ,

+165°F

I PSIJ

0 TO 460
PSIA

0 TO 3500
PSIA

0 TO 460PSIJ

+t65-F

0 TO L_(X:_°F

DATA
ENCOOER

INPUT
II,_GE

+_O.25VK

.,_ voc

+6 VDC

+j voc

+6 VOC

0TO-0.2V0C

+_0.25 VOC

0 To 2(X)O°F +_0.25 VOC

0 TO 20OO°F

C _0 2000°F

0 TO 2000°F

0 _o 200C°F

0 TO 2000°r

2000 °TO F

" I

DUE TO _OiSE ERROR AT TMR[$HOL_ DURING MIDCOURSE

+0.25 V0C

+..o.z5 voc

+_o.25 VOC

+_o.25 VOC ]

,__o,¢_voc

*0.25 VOC

COMBINED
ACCURACY

OF DATA
ENCODER

& DATA

5_

5_

5_

S_

S(

5_

S_

S_

5_

SAMPLE
RATE

;EC/_,ANPLE

10

0.2

0.2

t000

1000

_OCO

Io

1L

lo

_0

10

10

lo

10

JPL 0309-1 DEC 60
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I _ i Ir I

2-0 5

5-A-O X X X X

5-J-1 X X X X

Schrnttz

Schmitz

Schmitz

4-H-8 X

4-tl-9 X

4-J-5 X

J

X X .X

X X X

X X X

Schmitz
,,L

Schmttz
J

Sc_itz

i

Sc_i_z

Sc_ttz

Schmttz

Schmitz

Schmitz

S chin tt z

i

Schrnitz

Schrnit:_

2-0-0

2-D -2

2-0-3

3-0-4
,, , | ,

2-0--6

1 '
2-0-7

2-D-B

2-D-9

X

X

X

X .

X

, !

o

i

,_ • • ,, ,

NOTE: AN _ _NOICATES ?HI MEASUREMENT _5 BEING WADE.

I
!

JPL 0309-2 DEC 60
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JPL TELEMETERING CHANNELASSIC MENT
PROJECT

SYSTEM

i

CIMNNEL I_EASURI_EN_

6 Science DCS

B _CA TILl.

II

RANGER P-54

SCIENTIFIC

_E_UmEi_Lqet

' I
25 Bi_s
Pe_ SeC.

1 ll,te

* ECA C_, _ VCO N_LTnPtEXEO VITN JPL Tit[.

DATA
|NCOOILIt

INPUT
RANGe

÷_,0 v

N,A, •

CO*liNED
ACCURACY

OF DAT&

L'm3X_R
& DATA

lie

i,

S_dPLE
RATE

I

I "

If.A, e

L

JPL 0309.1 DEC

16
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RI4-4

6 X X KI _oT

I L ,.n I

L

I
i

NOT[: AN X IN01CAT[_ T._I[ MF. ASUR[MI[NT IS _[ING MAOI r ,

t

JPL 0309.2 DEC 60
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JPL TELEMETERING CHANNELASSIGNMENT

CItAle(EL MEASUItF.I_N13

:

,-2-2 [ sQu,.r,,t,t_

3-F-6 TILE _OO[ I_ICATIO_

_-G-4 G_Ro pkg. TE.p.

2-G-6 _ T[NP. CONTmOL T[MP.

, J

_-S-,,,4 CALIS_&TiON " HIGH

2 _G-T CAL!eRATJO_ * MlO

3-F-9 C*LIe.*TtO_ - .to

4-J.T
CAL_ImATIO_ - MtGM

2-G-g C,L,eaA,_o, - .,o

4-J-e CALIIAATIOI - NIGN

4-E-2 C*_!_ATION - _tGN

4-E,-4 CALIIRATION - HIGH

L

[

RANGER P-54

MISCELLANEOUS

MEASUREMENT

RANGE

Event

MODES I-IV

0 To 7a°C

-LaS°F_o.,,.t 65°F

• _bE TO _015[ ERROR A T T_RESNOLD

DATA

ENCOOER

INPUT

It_IGE

' I

+6 V PULSE

,.0.5 _C

+0.125 VOC

+..o.lg5 vo¢

COt,tEll,lED

ACCURACY
OF DATA

ENCODgR
&DATA

REDUCTION
I

3 s£¢

51 100

I4J_PLE

RATE

lOO

CONT.

lOO

0.2

100

+1.0 VDC !5_*

0 vDC 5_

o voc _ _ooo

o voc 5_ [ looo ,

0 vOC 5_

0 V0C

100

1000

100

100

o voc

o voc

JPL 0309-? DEC 60
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(Insert in Spacecraft Design Specification Book)

JET PROPULSION

APPROVED:

System:

Subsystem: (_7

Subsystem:

LABORATORY

Spec. No. RL-4-382

15 March 1962

P- 55 (RA-8) SPACECRAFT

TELEMETERING CHANNEL ASSIGNMENTS

I

1.0 SCOPE

This specification contains the JPL telemetering channel assignments for
the Ranger RA-8 (P-55} spacecraft mission.

JPL 14_)72

Page I of 19
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RL-4-382

JPL TELENET.ERINGQCINI L ASSI NT
RAN_ P- 55

ATTITUDE CONTROL

_L

5-A-3

5-A-4

1
2-C-0

2-C-I

2-C-2

"2-C- 3

2-C-4

2-C-5

2-C-6

2-C-7

2-C-8

2-[)- i

6-B-0

6-B-I

i

Yaw Coyro Torque

Roll Oyro Torque

Pitch Gyro Torque

Roll Position (Earth Sensor

Hinge l;arth Sensor (_ut

Pitch Switching

Amplifier Ou!put

Yaw Switching

Amplifier ( _tput

Yaw Rate Gyro (Coarse)

Pitch Rate Gyro (Fine)

Yaw Rate Gyro (Fine)

Roll Rate Gyro (Flne_

Earth Sensor

Light Intensity

-Y Yaw Jet Vane Actuator

Temp.

÷Y Yaw Jet Vane Angle

-Y Yaw Jet Vane Ang!e

o

I_ ASUIIIMIIdT
IIAI¢GE

*0. 4"/Sec

*0. 4*/Sec
, q

_0.4"/See

*2. 5"

*2. 5"

I-_H,ARITY

[_. )i ARITY

*1500"/Hr

:t62"/Hr

±62"/Hr

±62"/Hr

0.01 to 17

F%- Candles

0 to *500"F

*25"

"25"

i I

DATA
tNCOOll

INPUT
RAICGE

t

*5. 8 VDC

*5. 8 VDC

±5. 8 VDC

520 VDC

*20 VDC

'.! V "-k vDc
-12. 5 VDC

±20 VDC

",-0.85 VDC

:tO. 83 VDC

*0. 83 VDC

o to -I).5
VDC

50. 25 VDC

:t13. 3 VDC

.13.3 VDC

,r

cmmmiv
ACCUIACY

O@DATA
|NCOOtR

L DATA

I|DUCTLI¢_I

,L,

_LE
1ATE

15%* 0.1

15%*

15%*

5%

5%

5_

5%

5%

5%

5%

5%

5%

5%

15%*

15%*

0.2

0.2

u

10

I0

10
I

10

10
I

10

10

10

10

10

0,2
t

2
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CN_WII4EL TW,..W.WIm.,a,.

B,,a,_,,., T_a._

r

5-A-2 _ X

5-A-3 X X X X

5-A-4 X X X X

HIU
J

Hill
J

Hill

Hill

Melser_holder

Hill

Hill

Fdn

MiU

HiU

Hill

Melaemh_l_r

Gould

Hill

Hill

)

2-C-0

2-C-1

2-C-2

'2-C-3

3-C-4

l-C-5

l-C-e

1-C-7

3-C-8

3-D-I

B-B-0

6-B-I

X

X

X

X

X

X

X

X

X 1 X

X x

- X X

- X X

- X X

° X X

- X X I
.... " ...... I

/

- X X

x

X

X

..... i

mo,rm, _ x z.,hel _w.w.M,.,,_,mw m,_wiM.a,.
i II
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JPL TEI_ENETERING CH L ASSIGNIVENT

rl ,,,

_L

i 6-B-2

I '
• 6-B-3

mI_JKIRIBINTS

4-J-0

4-J-I

4-J-2

4-J-9

Ra_pr p.55

ATTITUDE C()NTI_OL

MIE_,WU_WNT

+X Pitch Jet Vane Angle ±35"

-X P'Iteb_Jet V_une Angle ±25"

i

3-D-1 Pitch Rate CTro (Coarse)

3-D--3 Pitch Sun Sensor (_t
m

3-D-4 Yaw Sun SelMIor Cbjt

3-D-6 Antenna Hinge Angle

3- D- 7 Roll Rate Gyro (Coarse)

3-F-8 Nitrogen Tank Pressure

2-G-5 Nitrogen Tank Temp. ,

*Y "Yaw Jet Vane Actuator

Temp.

Earth Senior Temperature

+Y Pitch (7A13) Sun Sermor

Temp.
" -Y Pitch (TAIl) Sun Se_or

Temp.
Dqft,_rential (7 A10 Mtmm'

7A12} Sun Sen=or Tempo

±1500"/Hr

±0.9"

±0. 9"

0 to 180*

±lS00"/Hr

0 To
3500 PSIA

-=5"F To
+165"F

0 "F to
+500"F

±100*F

+14 To

+I40"F
r+14 To

+I40"F

*3e'F _ -3|
To +95"F

DATA
|NCOOIIIt

ItM_,41

I

±13.3 VDC

±13. 3 VDC

±20 VDC

±18 VDC

±18 VDC

'r + 0 . _ T O
5" 33 VDC

±20 VDC

±6 VDC

' ' i

±0. I%5 VDCi

10T o '_
+0. 5 VDC

C_MMNKD

OF OAT&
|NCC_ER

• OAT&

5%

5%

5%

5%

5%

MaIPL|
lATII

II

0.1
I

0.2

10

10

10

10

10

100

0 To

-0. I VDC

0 To
-0.2 VDC

0 To
-0. I VDC

0 To
-0. I VDC

*D_e to Notae Error at Threshold During Midcoumss.

5% 1oo

5_ 1000

5% 1000

5% 1000

s%

S%

1000

1000
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MJOO!| IdOOll ] JdOOI3 IdO01 4 JdO04l5

- , t t _ t

6-B-2 _ [ - X - -

_-B-a I1 - 1 1'

I

3-D-3 _ i X t X X 1 X

.............i ......I: !i X X

......... ....... 1 ..... .... -

3-r>-7 i x I _ x 1 x x
i i t

.... T............T...................... 7.....................

! I- i x " X I.

,-F-a I _ X { X l

,L +........... i_ " .......... ..........

a csf i x I..............f .........+.........._..........k-: : x x

X X X

4-J-I X X X X

_-I 7 ...................................." X X i X X

- !
._,_, ! I x x ix lx

L i ....,.... I__J , t 1

N{ ,'FE. _ Xlmdlcatea the Me_ur_ment tl Beinl[ Ma_le.

HILl

Hill

Hill

Meilenholder

Metsenholder
,, J

Hill

Hill

_l&,1"en

D_h]gl-en

Gould

Melmora_lbr

Meimex_oldmr

Metaenl_lder
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JPL TELEMETERING CHANNEL ASSIGNMENT
PII._IICT RANGER, l_ -_5
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B-2-1

Harrison

J

H and

i:!



/Z;--

RL-4-382

¢l_ttllUllL

4-E-6

4-E-7

3-F-9

3-F-I

3-F-2

3-F-3

3-F-4

3-F-5

JPL TELENETERING CHANNEL ASSENT
l_L"r

MIkSI,BEMgNT$

Power System Voltig_

-X Panel (4&9) A-,'ntmere,,

RAN_. P- 55

CENTRAL POW_It

II[&SIRMNT
II&JN_l

_I_T6 .......

_-31 VDC

uW0

S AMPS

0To

DAT&
IXCOO¢_

EANGE

0 To 5 VDC

u Vi_

5 VDC

0 To

kcctma, cv
o@ _Tk
InCO_t

& I_T&

5%

-X Pmunel (4AlO) Amperes _ AMPS 5 VDC ._ 5%

i

-X Pane_' (4A10_ Volts $5 VDC 15| _'DC [ 5%

+X I'anelf4Ag, Volts 35 VDC ! 35 VDC { 5%

A/C (4A3_ Volto _4, 5 VDC I 5 VDC 5%

Data Encoder¢lA7_ Volts 14,5 VDC {5 VDC 5%

Po*erConv,rT; ...... 7o-"ro.......... ......
Command(iA5 Volts I 4. 5 VI)C ! 5 VDC 5%

Scientific (4A8) Volts _4. 5 VDC t 5 VDC 51

3-F-7 Power S'wstem Current i I0 A_p_ r,VDC 5%
...... $ ............. 4- .................... 4 .................

' li

..... +X P'_Ii i'4A9", Front 7 *45iF TO

2-(_-0 Temp. +145"F *0. I]5 VDC 5%

±0. 125 VDC 5%
I-G-1 *X P_mel 14A9_ blsck "_e;nlN +145OF

-X Panel (4A1O{ Front _;isgF To i0. 125 VDC 5%
i-G-i Temi h .........................._..+ I_45.og ..................

-X Plnel (4AI0) Ba_ck i_'45"F To ±0. !25 VDC 5%

Temp. _ +145"F

i Eves 6 V Step
J_

' 0 To 100"F +0. 5 VDC

0 To

5%

l-G-3

I-G-S

4-H-0

S_ P_I Extetutton

5%

5%

5%

lATE

10

100

I00

100

I00

I00

100

I00

i-H-1

4-H-4

(4AS) Temp.

Power _onve_-ter i ..... ._

A_C_iA3) Tsm. i u io ]uu r _+0. $ VDC

Imrtar (IAll) Volta ! _.___ 5 VDC

I00

I00

I00

I00

I00

I00

100

IS00

10@0

100O

, I I II I
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JPL TELEMFTERING ASSIGNMENT
PIIOJECT

SYSTEM

CI4AJm4EL IIA.SUREIdINTS

It t r t|
Power 400 CPS 3-_-'hue

4- H- s . 1._:_r'.er t4m 4i volta
Solar Cell Sho_ (Tir6ult

4 H 6 An peres

._oiar Cell _ pe_ Lircutt
4-H-7 . 'Vol*_a_e

RANGEI. P- 55

CENTRAL POWER

_ASLmEI_NT

U YO
_. 5 VDC

u TO
0.2 AMP5

0 To

O. 25 VDC

DATA
ENICOOER

INPUT
It_eGE

I

EOTo 5 VDC

O Io
C 5 VDC

0 To

0. 5 VDC

CO_IlmlED
ACCUIIACY

OF DATA
EN_'OC_R

& DATA

IEDUCTION

5%

_U4PL|
RATE

I000

5% I000

5_. I000

4- J-4 Ha:_ery Ten,perature

4-J-6 & l,oglc Ten,p.

+32 To

"158"F

200"F

0 To

-0.2 VDC
_F To L

-0. 2 VDC

J

l
,i

5%

5%

1000

I000

I0

':J |' i
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}

X

X

X

I x !

X

X

i

Atmaguer

,Rit ch le

ti
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JPL TELEMZTERING CHANNELASSI NT
_t-r T(.Adq(llJ,, P- .:

SY'III_N (.,_0 M M UI_CA_N_

I0

I0

I0.

* !0 7:I_M ;_C.; V.r)C 15%

B-20 C.4ommand qvmtem C;,_i_ 17 [_its 0 or -_ VDC

B- 19 Cnrnmutator _rnc. _ - - - i - - -

i" _ "_......................

I _ 0 To .....2-',-_ S-Band Mixer Cur-feint ±$ DP_M ._,.',I VDC ] 15%

| _"

I

1000

1000
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......... , i

! "

:3-D-O I x ! x i, x x

| i ' ...... T_-D-5 ! x ix x_ { x
i x i x { x

4- F'_-O I X
{

4-_-:-iI i x

4-E-2 _ X

{
,+-..........--t:
I
; i

{ X {

,"1 [ X

× i ×
!

X ----i X

I i i4-E-S i i x i x ; x x

,_-_-,Li ix ' x ix i

{
! i : i ,

': x i x ! x _ x

! i { '

4-3-3 I { X _[ --_ { X l X .

T ........ I ! X' ....... P ............ ' X

+----- b---------p---
Ji x

, X X { X .....B -_ , i:", Z
!

2-G-0 { ! X

i -_...... 4--- +
1

{ ! t ;
i i t 1J • i

N__Ftl: An X lr_lcate0 the Meuurement is I_IN Made

' ,_1|thtlOtl

Math_oo_
]

MathJr_o_

M_thl_o_

Matl.d_o_

M m_t_! on

Don_tl7

M _tl_ _ o_

M atht= on

Matthlason
........ ,..... t

i

I

T

Do--fly

_to_Jrt]l

wU_ry
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JPL TELEMETERING CHAM L ASSIGNIVIENT
MIOJ|CT

SYSTEM

CNJd4NgL IdE_LSUREa_IWT$

III

I-D-5 M/C Nit to{Iron
T_ilk Temp ......

R_NGIIR. P- 5%

MIDCX_FIqS E PNX_ PU _ON

4 -J - 5

2-D-3

2- D-4

2- [)-6

2-I)-7

- u

2-D-8

2-D-9

- ,, ,

1 I =T,
i.,=,,--., i ,.coo,,mANGE INPUT

1 I lANCe
" , , ,TO

4

- +I_5"F _ :tO.35 VDC

M;C Nltrolen _ _' _" °:' _ }i" _oo'_ : I i6 VDC
Tank Pressure _ P_IA |

Fuel Tank T're_aure , F_IA t8 VDC
4

M/c xlt_o_,. !o To 3; _ t6 VDC
Presfure } T_'SIA

t
Fuel Tank Pressure _ 460 PSIA , ±6 VDC

_-2_-'-g.-eo _ o ro

Fu"1Tan_Tm'nP. "_I_5*F _ -0. 2 VDC

i

M :C Motor ChLmber Ternp_.j.;.b. "±0 35 VDC

M C Mntor Chamber Temp_ 2009"F. ±0. 35 VDC

-0To
\!,c" %_.,nor CThunber "reml_ 2000"F I*0. 25 VDC

M/C %_otr_r ChLmber Tern_ 0 To_000"I{" ±0. 25 VDC
u FO

M IC Motor Cbam_r_r TemI:W 2000"F ,±0. 25 VDC

to To r
M :C M,)tor Cbaz_ber Tem{_ _000, F }#0. :25 VDC

M:C Motor Chamber Temp_ u to i tO. ]5 VDC30O0"F

" t_ To ?
M/C Motor Chart;bet Temr_ 20OC'Y ' tO. 25 VDC

i

".__e '.e Noise _Jrror at Thremheld d_r!n| Mldcour|e.

'' CCW,_IW|D
ACC'I_ACY

OF DATA
ENCODll

& DATA
REDUCTION

5% I0

O.{15%*

15%* 0. |

5% I000

5% 1000

5%

5%

5%

! 000

I0

I0

5% I0

5% I0

5% 10

5%

5%

5%

I0

I0

I0

14
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oU_ltL

[ 6

JPL TEL_TERING _ ASSIGNMENT
O

Ml_Mc1r lqA,Iq(_R. p-55

$I_11M SC'I EN'I'IFIC

tt|t._RtEt_Nr$

II

SCIENTIFIC D. C. S.
r , , ,

_E_NT

25 Bits/See

DATA
|NC:glMIR

_PUT
R_UCGE

_1. ov

cemm_
ACCUIACY
OF DATA
EI_CODER

• DATA
REDUCTIOII

|

.... | ,,

J

j , i
_, . g. ............................... ,t ..........

•, N,CA Ch. 8 VC_. Mult!plexed with "P[ Teie

t

1 i
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JPL TELENETERING CHANNEL/kSSI NT
W'WHk_ RANGER, P- 55

$VSTIll MI_2ELLA.IwrI_OUS

_L

B-2-2

2-O4

2-G- 6

6-B-4

2-G-_

i

Squib Fire Tele.

MIM_IIIMtNT
II_*G!

II

Event

Tele. Mode Indication Modes I-IV

(;yro Pkg. Temp.

Temp. Comrol Temp.

0 To 70"C

I65"F

Cattbrat_n- High I -

Calibration- Mid

Calibration- Mid

Calibratl(,n - _[_.gr.

t_W6W_tO

Due to Noise Error at "Fh.rea*rmld

DATA
II_:OOIII

INPUT
R_E

I

+6 V Pulse

±0. 5 VDC

±0. 125 VDC

:tO.125 VDC

......................... J(

i

+I. 0 VDC

0 v _)C

c, VI)C

0 VI'_("

l

_..CUIACY
OF OAT&
|NCamER

& DATA

IImlCTION

3 See

5%

55

5%

15%*

5%

5%

5_

I

SAkLPL|
lATE

I00

100

100

0.2

I00

I000

1000

t_



RL-4-382

Wiltsey

Hill

Lerner

Wlltsey

Wiltsey

*_iltsey

Wilt s ey

N_ _'TE: _ X Indicates the Measurement is Being Made.

19
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(Insert in Spacecraft Design Specification Book)

JET PROPULSION

APPROVED:

Subsystem: _/. ____r/-

Spec. No. RL-4-383

15 March 1962

P-56 (RA-9) SPACECRAFT

TELEMETERING CHAPEL ASSIGNMENTS

!.0 SCOPE

This specification contains the JPL telemetering channel asslgrm_ents for
the Ranger RA-9 (P-56) spacecraft mission.

JPL 14-072



RL-4-383

,!,-

CI_INEL

JPL TELEMETERING CHANNEL ASSIGNMENT

ktEASUREMENTS

5-A-2 Ya_, Gyro Torque
I ......

5-A-3 Roll C,yro Torque

5- A- 4 !'i_ c h (;yro Torque

P'_ C' P-,.:_...... R 56
• o , ......A, III I D;. CC.N_VROL

MEASUREMENT
RAISE

i

° R.±0.4 /-.ee

'_;0. 4° !5cc

%% 4 °/,qec

DATA
ENCOOER

INPUT
RkNGE

± 5. 8 VDC

±5.8 VDC

5. 8 VI)C

COA_INED
ACCURACY

OF DATA
ENCOOER

8, DATA
REDUCTION

15%*

15Y_*

_J4PLE
RATE

, , , ,, ..... ,

0.2

0.2

0,2

2-C-9

2-C-t

) • ).-C-_

2-C-3

2-C-4

2-C-5

2-C-7

2-C-_

Roll Position (Earth Sensor'

, IH.nge Ea_-tt_ Sensor (_at

['itch Switching
AmgHSier Outpu_

Yaw Switching

Amplifier Output

Yaw Rate Gyro (Coarse)

Pitch Rate Gyro (Fine)

Yaw Rate Gyro (Vine)

Roll Rate Gyro (Fine)

Earth Sensor

1 _ight tntensit},

-Y Yaw Jet Vane Actuator

7"emp.

+Y Ya_ Jet Vane Angle

-Y Yaw Jet Vane :_mgle
. ,, ,.

±2. 5"

I'()I ARITY

I '( ) l..._tI T Y

±1500"/!Ir

_62°:'1{r

162"/1ir

0:01 to 17

t_ t-Cand,c:

,I

t25 °

±25 °

10±20 VDC

±20 VDC

()vt)¢"
*12.5 VDC
-12. 5 VDC

I
±20 VDC

_*0.83 VDC

±0.83 VDC

±0. 83 VDC

0 *o -0. 5
VDC

_0. 25 VDC

_13. 3 VDC

±13. 3 VDC

5%

• ,{

5%

s%

5%

r.(v
.i ,(:

15 % '=

1 5%*

4

10

I0

10

I0

I0

10

10

i0

10

0.2

0.2

rh'u 20 .,_Oi,_o iJrFOr }at T}_l'esi_,_lc] l)lil"i::t' " "i_L'O.:-F.4C.



RL-4-383

l_.com Trim-

I

k

5-A-3 ! X

5-A-4 X

2-C-0

2-C-1

2-C-2

x

X

X

2-C-3 X

2-C-4

2-C-5

X

X

X

4\

X

]

- !

Hill

Hill

Hill

Hlll

Meisenl-older

Hill

Hill

HiLl

HIll

Hill

HIll

?,Ieiscnholder

Gould

Hill

Hill

3



RL-4-383

JPL TELEMETERING CHANNEL ASSIGNMENT
PROJECT ,qan_er P- 56

SYSTEM ATTITUDE t'X) NTROL

....... ¢0MSmZ0

_L

+X Pitch Jet Vane Angle

I

I_EASURE),tEI_F

j j,

±25 °

6-B-3

3-D- 1

3- D-3

3-D-4

3- r).- 6

3 -D- ?

3-F-8

.! .....

-X Pitch Jet Vane Angle ±25"

Pitch Rate Cyro (Coarse} ±1500°tIh -

Pitch Sun Sensor Out _0.9 °

Yaw Sun Sensor Out ±0.9"

Antenna Hinge An_le 0 to 180"

DATA
EICCOOEE

IttPUT
RANGE

±13.3 VDC

_±13. 3 VDC

20 \rDC

VDC

±18 VDC

+0. 33 To

5.33 VDC

r

ACCURACY
OF DATA SAMPLE
ENCOOER ltAT|

& DATA
REDUCTION

! 15,_. ..... 0 2 ':
• _ . . " !

15%* 0. 2

5%

5%

5%

5%

10

10

10

10

10

100

Roll Ra_e Gyro (Coarse) -+l_O0°/Hr ±20 VDC , 5%
.... , .... p .......

0 To
Nitrogen Tank Pressure 3500 PSIA ±6 VDC 5%

• " - -25°F To -

Nitrogen Tank Temp. _ 16.%'F ±0. 125 VDC 5%

*'f Yax_; ,!ct Vane :_ctuat'or "

I00

IO00

I000

I000 '

100o

0=F to 0 To
+50O°g _0. 5 VDC4-It-2 Ten:p.

4- l-i) Kz_r_b. ,'_ensor Temperalure

+_" t'itch (7 A13_ Sun Se._r

4 -3- i Tern p.
.... %-Y l"i¢_.h (, AII_ _an Sensor

4- J- 2 Ton: p.

.... !_iffcremial "('_AIO Minus

4-J-:, 7A12) Sun >;ensor Temp,

0 To
±I00°F _. 2 VDC

- 14 "t"o O To

*140°F -0. 2 VDC

'14 To _ 0 T(_

",'],t0"F -0. 2 VI)C

±36°Ftn -3i 0 To

*ro *_5"F -0.2 VDC i

.1

-:'P_,,le _o Noise ]:trot .' "'_,- q' o_a IT.,z-lna _;id,.-::rs_,

5r,

5_

5%

I

4



RL-4_383

fl_tuc-Ni ! T¢II_.

i ,
• ..... _..

m

6-B-2

G-B- 3 _ -

!3-D-! X

3-D-3

3-D-4

3-D-6

3-D-7

X

X

2,2

X

l}oIadI_ poltdc-r I}g_ler

X
.... 1

X

X

X

X

x 1 x

X

X

X

X

I

X X X

Hill
I Hill

Hill

Melsenbold_r

Meiser_older

Hill

Hill

Dahl gre n

-,-5 X

4-1I-t
{

..... ...

4- J- 0 X { X

L_-.{-2 ' , X X

I
X

4 -J- ::_ t ] ""

.......... i .... i-

, ] . .

{

X

X X

i ........... i.....

X X

t X]
X X

I

Da} Igren

Gould

Meis_:r:holder

, MeiseN_older

M el, se nholder

Meisenholder



RL-4-383

JPL TELEMETERING CHANNEL ASSIC MENT
PROJECT R ANGER, p- 56

SYSTEM CC & S

I

* i

:CHANNEL i
ME _UIEMEIII_

400 C. P. S.

CC&S Program

},'ddcourse Acceleration

tdEASUREtdEFIT
RANGE

400±ICPS

Event

DATA
EHCOOER

INPUT
RANGE

6 V Hulses

400"]:I PPS

+f_ V Pulse

0 To 2,5 PPSI

+5 V !_ulse

t

COMBINED
ACCURACY

OF DATA
Ele_.ODER

& DATA

3 See.

,I

|

SAMPLE
RATE

CONT.

6



" " RL-4-383

_IOOE1

CHANNEL T_.t,,_o_ D_+

I X
----°I

MODE 2 MODE 3 MOO4E 4 _OOE S t
_. _......... COG41ZMtT

TJu'eebold DL_ee_e Tlureak_td D_t4nre Threeh_ m.t._. _,..k+m Z_,_,.:o _ ENGINEER

X X X Harrison

_and

Ir,

.................................................................... I.

N()TE:

.................... . ...... + ........ • ,

it
An X Indicates the PF,ea_urement is [:_eing _lade.

7



RL-4-383

JPL TELEMETERING CHANNEL ASSIGNMENT

CItAtlIIEL

I_OJECT RANGER, P- 56

SYSTEM C]_:NTR.__ r _ _.JER

MI__T$

Power System Voltage

.;-E-6 -X Panel {4A9) Amperes
..... _.,_. ...............................

-V-7 -X Panel (4A10) Ax2_peres

3-F-O

14E_UR EMENT
RAU_!GE

+31 VDC
-- w ................... . ............ .-_

-VTS .............
5 A.'_PS

0 To ...........
5 A_D_

20 To
-X Panel 14A10} Volts 35 VDC

DATA
ENCGOER

t_UT
RANGE

0 To 5 VDC

5 VDC

5+1%-
5 VDC

CO*41NED
ACCURACY

OF DATA
El(CODER

& DATA
REDUCTIOI4

_+ , ,

5%

5%

5%

5%

57_

SAMPLE
RATE

10

100

i00

I00

I00

100

I00

I00

I00

I00

3-F-I

3-F-2

a-F-a

3-F-4

3-F-5

3-F-7

+X Panel (4A9} Volts

Power Converter - "

A/C (4A3_ Volts

Data Encoderl4AT) Volts

P6wer _8nve¥ie_ ................

Command (4A5} Volts

i%:_er-fEter-7£_£
Scientific 14A8) Volts

Power System Current

2D to
35 VDC

_0-_ro

4. 5 VDC

2"IT6 ...........
35 VDC

0 To
5 VDC

0 To

4.5 VDC

TTS- ..........
4. 5 VDC

0 To- ........

4.5 VDC

o To ......

I0 :-_._ps

0 To
5 VDC

0 To

5 VDC

"0 TO
5 VDC

6 T8 ............
5 VDC

-X Panel (4AI()) Back +45"F To
*145"F t0. 125 VDC

2-G- 3

2-G-8 Sotar Panel [:x-tcrmion

1%:;:2T_ Boost Reg.
(4 %2) Temp.

[_,_::+'r (_OI!Vt>F¢C 1_

}>{__ver 40(; C}_S i ]'li2b_.-

4-}i-9

4-_.(-I

-I -1_-4

EvenI 6 V Step

................ CTS
0 T'o 200°F '0. 5 VDC

. (: To I
0

i,) 2:0°I - '{4 5 Vi)C ]

.......................I:_,To .......1

......"_C1 ' _+}_ I

5%

5%

5%

5%

5%

_75 .:{J

5%

5%

5_

,'3 :_

7., :/r

100

100

I00

100

100

1000

i00o

tOOO

8



RL-4-383

4-E-6 X

F24-,_- _ X

3-F-0 X

X X X

4 ,'

X X X

I I

Ahna_uer

Ri_chle

Ritchie

Ritchie

- I
R it chic3-F-I

3-F-2

3-F-3

3-F-4

3-F-5

3-F-7

X

X

X

X

' X

X

x x j x
i

X X X

X X X

X X X

X X X
i

X X X

X ' X X

Almaguer

., , ]

Alma_uer

Ahnaguer

Abrm&uer

Alma&uer

E itchie2-(]-0

2-G-I

2-G-2

2-(]-3

2-G-8

_. ,n, t

X

4-}_-0 I X

4-}[-I

4 - }t-4
,d

X_YI'<: An >,2]ndic_tes the-, Mea:.;ur_.,_,n, _ 1.'_ ,

X

.!
i X

X

I
i

! x
! ' ! '

X X

X X

X X

ix xN X

1X

X Il t x

i :'_ ?<

I

Ritchie

Ritchie

Ritchie

McPherson

ALma_uer

Alma_uer

A hn asue r



RL-4-383

C_NtNMEL

I

4-H-5

4-H-6

[

JPL TELEMETERING CHANNEL ASSIC MENT
PROJEt'T R,_NGER, P- 56

S_T_tl CENTRAL POWER

[

_4$tm_

Inverter (4A14) Volts
Solar Cell Short circuit

IAmperes

Solar' Cell (-)pen Circuit

Vol_ asTe

Battery Temperature

P o,_er Switching

& Logic Temp.

ME_tSUREtIENT
IUtNGE

u 1-O
4. 5 VDC

U 'I'o

DATA
_ER

nCFUT
RAt¢_

0 To 5 VDC

U iO

¢OeBIHED
ACCUIACY

OF DATA
ENCODER

& DATA

U mJCT 
S%

S4_LE
RATE

I I [

I000

0. 2 AMPS
| , , ,

0 To

0.25 VDC

•,'32 To

"158"F
0 To

200 "F

+0. 5 VDC

0 To

0. 5 VDC

0 To

'-0. 2: VDC
r9 To

_-0. 2 VDC

r

I000

I000

I000

1000

1 .

I0



RL-4-383

kmOE ! MODE 2
p

Ct'_J_Nl_l.. _'q, sk,_4 Dk_a_ TIwo_old Dut+_o

p

r

4-H-5 X X
L ._

4-H-8 X X

4-H-7 X X

4-J-4 X X

4-J-8 X X

NOTE:

r

_E 3

T&_,&_*a Dh, eac,

T,eM. fhQcu T_e-

x X

x x
I

x x

x

x

" I

x

x

L

An X Indicates the EIeasure_en[ !sBelng _,]ade.

i !
f

I i

T_., keld Db,6,t_,

[

L

COGNIZANT

llIGIll|ll

i ii i [

Ahn_er

Rttc_e'

RLtchie

Banes

Alma_er

11



RI,-4-383

t ,

JPL TELEMETERING CHANNEL ASSIGNMENT
PIOJL_'T RANGER, P-56

SYSTEM CO M M U NIC ATIONS

........ " ---- " _ ............. COI_INED

DATA ACCURACY
ENCODER OF DATA

tNl_rr ENQOOEIt
RANGE & DATA

i REI)UCTIOII
+2 "i'o
+5. 75 VDC 5%
+Z £0 ' ' _
+5. "/5 VDC 5%

i. _

_2000 CPS ±1.5 VDC 5%

" +10 To "_" 0 To ''

+35 DBM +0. 5 VDC
, .... , .... lJ

hU_ASUt_IEICT
CNANICtL ME_UURHNTS RANGE

, . .i ....... ' ..........

To
3-D-0 Receiver AGC (Coarse) _.140 DBM
.............. -_'vro l

3-D-5 Receiver AGC (Coarse) -140 DBM

Receiver Phase Error

3-D-2 (Co_se)
ii ,,

,. , .,

4-E-0 Lo-Galn Antenna Drive 5%
' '"+I0 To 0 To

4-E-1 High-G_n Anterma Drive +35 DBM
L ....... .j . ,,

4-E-2 S-Band - S. P. E.
,-- . , ,, . ,

4-E-3 Receiver AC_ (Fine)
L ,, , , ,

4-E-4 S-Band -AGC

4-E-5 Receiver Pb._le Error(Flne

-3 To
4-H-3 Receiver Mixer Current +3 DBM

' ' "+14 To"'

±5. 0 VDC

-70 TO

-1 30 DBM

-7U TO
-120 DBM

¢3o0 CPS

+o. 5 VDC 5%

±I. 5 VDC 5%

+4:0 To .........
5.0 VDC

_3,0 TO ..... ;
I

0 VDC
I ....

' :tO.150 VDC

0 To '

-0.2 VDC

0 To

5%

5%

5%

5%

, ,,i

_VPLE
RATE

10

10

10

I00

4-J-3 Transponder Temperature

S-Band-' Trimsponder ' '
4-J-8 Power Output

B-20 Command System O'_pui:

[

: [
_ - ...

B- 19 Commutator Sync,
• _ , ,,

2-G-9 S-Band Mixer Current

158"F

o'T6 '
+10 DBM

17 Bits

• ' '' 0

+-3 DB_I

-0.2 VDC

0 To

-0. I VDC

0 or -6 VDC

To

5%

15%

+0. I VDC 15_¢
..... : ....

I
[

100

100

I ''

100

100

I00

!000

1000

I000

CONT.

CONT.

I000

12



RL-4-383

3-D-0

3-D-5

3-D-2

B-19

2-G-9

NOTE:

X

! x

X

Mathlson

Mathlson

Math_ta on

Math!son

Mathlson

Donnellv

Math/son

Do:melly

Mathlson

Mathlson

Mathlson

Donnelly

Stolar_k

Wiltse>"

Dom_e!ly

X X

13
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RL-4-383

_L

2-D-5

5-A-I

JPL TELEMETERING CHANNEL ASSIGNMENT
PROJECT RA_NGER, P- 56

SYSTEM _',!t DCC'U P_SE PROP U LSION

_MalIlU_N_

M/C Nitrogen

4-H-8

4-H-9

4-J-5

2-D-0

2-D-2
........... .¢ ..........

2-D-3

2-D-4

2-D-6

2-D-7

2-D-8

2-D-9

........... ,1 i

DATA
MEJ_LIREMENT EHCOOER

RANGE INPUT
It_ml;E

-25"F l'O ' "' _''

Tank Temp. ..................... _T165,F ...... . *__25 vp_C

-_i/cN;i{_o-ien ........................ 0 To 3500

Tank Pres,_ure PSIA *_6 VDC

.... 0 To 4'60
Fuel Tank Pressure PSIA ±6 VDC

M/C Nitrogen 0 To 3500

_Tank_ Pres sur e PSIA
0 To..........

Fuel Tank Pressure 460 PSIA

-25"F.- To 0 To

Fuel Tank Temp. +!65"F -O 2 VDC

0 TO .........= ................
M/C Motor C}lamber Tem_ 2000"F. ::t:0. 25 VDC

0 TO
M/C Motor Chamber Temp 2O0O*F. z0. 25 VDC

o To ........
M/C Motor Chamber Tern 2000"F *0. 25 VDC

-_-T6 .........
M/C Motor Chamber Tern 2000OF tO. 25 VDC

.............................................."UT_ ........................

M/C Motor Chamber Temp 20O0"F ±0.25 VDC

0 TS .............................................
M/C Motor Chamber Temp. 20C_0*F _0.25 VDC

M/C Motor Chamber Temp 2000"F ±0. 25 VDC

.... _ To
M/C A_otor Chan, ber Temp 2000OF

_[h_e _o Noise i_rror at T},r, """_-_,_ < ,- d_-_ri:_._Midcourse.

+6 VDC

*-6 VDC

,.Ok_INED
ACCURACY

OF DATA
ENCODEI
& DATA

mEDUCT._m_.

5% 10

15%* 0. 2

15%* 0. 2

5%

5%

I000

I000

1000

10

10

5%

:n 25 V _

I

5_

5%

5%

5%

10

10

5% 10
........ . . i

5% I 105_ IO

5% 1 I0

.............. i

14



RL-4-383

MODI! W_DE2 t_ODIE3 UOOIE 4 MOOES

• ... _"_,... I... _ ...., T...,._ .,... _.. ....
i

2-D-5 - X - - Schmflz

,, I

S-A-0 X X X X

S-Aol X X X X
1,,

Schmltz ,

Schrnltz

4-H-8 X X X X
n, , i, ,,

4-H-9 X X X X

Schmitz

i,

Schmitz t

4-J-5 X X X X
,i , ,

4

Schmitz

2-£)-O - X

2-D-2 - x

2-D-3 - X

2-/_4 1 " X

2-D-6 ! - X

2-I>-7 - X

2-D-8

2-D-9

r, ,|,

Schmitz

Schmitz

Schmitz

Schmitz

;_li_:ll liliilll

Sehmiiz

X m .

I

_kmiiz

Schmitz

I

ii

NOTE: An X Indicates the Measurement is Being Made.
,

15



RL-4-383

CWtNIIL

6

JPL TELEMETERING CHANNEL ASSIC MENT

u i

IJAWlII!MIII,II_

R.A/_GER, P-56

SCIENTIFIC

_bn_r
DATA

ENCOOEll
ii_PUT

ACCURACY

OF DATA _kMPL|
ENCODEIt RATE
& bATA

SCIENTIFIC D. C. S.

RCA TELE.

j r

J

* RCA Ch. 8 VCO Multiplexed

=

25 BR'ISec , ,±1. 0 V

J ,

I NA*

, ,, q

l

J

N.A.* 1o%

L

N.A.*

iJ

,i

16



• j, ,

tdODm I klOOl[ 2 tAOOI[ 3 liOOi[ 4 MOO4[ S
,, COGN_AHT

- _ - _ _" " '- J ' W._,

+, ,X - X ,. x i ' '+ MacDonald
|

" t , i

8 - - X X Ydndt

i m "

b

.... k ,,

,, L ,,

,,, L i

w, i •

i ,i

q

1

,L •.

v

m ,

I i n lul

NOTE: An X Indicates the Measurement is Being Made.

i

17



o_mm_

B-2-:I

$-F-6

3-F-9

4-J-7

JPL TELEMETERING CHANNELASSIC MENT
PROJECT

SYSTI_I

i

w_u_la, mm

Squib Fire Tele.
i J ,,

[
L

r

Tele. Mode Indication

I i , m

IOyro Pkg. Temp.
r

Temp. Control Temp.

I i rl i

Callbratton- High

Calibration- Mid

Calibration- Mid

Calibration- High

RANGER, P- 56
_SCE LLANEOUS

Event

Moan I-IV

0 To ?O'C

- 35"F To
165"F

L

* Due to Noise Error at Threshold

DATA
ENCODER

It_rUT

III I

+6 V Pulse

±0. 5 VDC
, , J

±0. 125 VDC

±0. 1R5 VDC

+I. 0 VDC

0 VDC

0 VDC

o VDC

CO.S_O
ACCUltACY
OF DATA
ecoolm
& DATA

3 Sec

, ii

5_

5_

SAW'L|
Ib4T!

CONT.

100

100
i

100

0._

I00

Jl

I000

lo00
, | ,.

18



RL-4-383

U0Oll MODI2 MOO1) MODI4

i j
¢MANI4|L Tl_d_llkm TIm._Dsam,.i _.**k_n_.,mm T1m,.k_Dk.4._

J

B-3-3 X X X X
i

i i , ,

3-F-6 X X X X
i

I | ,,_ ,

3-O-4 X - X X
'- r i i i

3-G.-8 X _ - X 1 X

i ,

6-B-4 - X - -

3-C--7 X - X X

i i

I

1

mlm

i

Wtltley

i

Hill
ii

Lerner

Wiltsey
r

Wiltsey

3- _'-9 X X X X Wiltaey

4-J-? X X X X

i

l

NOTE: An X indicates the Measurement is Being Made.
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FUNCTIONAL SPECIFICATION

RANGER HA-6 (P-53) THRU RA-9 (P-56) SPACECRAFT

FLIGHT EQUIPMENT

CENTRAL COMPbq_ER AND SEQUENCER

DENOTES CHANGE

1.0 SCOPE

This specification lists the functions, in chronological order, which the
RA-6 through 9 spacecraft Central Computer and Sequencer (CC&S) per-

forms during prelaunch, launch, flight, and pre-impact operations. The
equipment with which the CC&S operates and the characteristics of the
input and output signals are described. Accuracy, operational and func-
tional requirements are listed.
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RL-3-120 Design Restraints
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3.2.1.2

_3.2.1.3

a. (ES-1) Velocity increment for thrust termination:

_ 0. 045 SEC

Rise time: <_5. 0 Csec

FaLl time: _5. 0 _sec
Duration : i. 25 ms

Average rate : 22. 4 pps

The average pulse rate from the accelerometer is about 22.4 pps
with a maximum rate of 25 pps.

b. (ES-2)

_1--
Capacitor cycling pulse

Rise time: <__1.0 usec

Fall time: "<__350 _sec

Duration: 150 ±100 msec

The capacitor charging pulse is supplied for cycling the gyro capaci-
tor when the first real time command is sent for spacecraft maneuvers.

Central Power

A 38.4 kpps square wave output as shown below is needed for a power
frequency reference.

a. (ES-1) 38. 4 kpps frequency reference

26uS _--

Rise time: _. I. 0 usec

Fall time: <_1.0 usec

Duration: 13 psec

Frequency : 38. 4 kpps

b. 2. 4 KC power to CC&S

Rise time: 20 _sec

Fall time : 20 psec

Duration : 209 _sec

The scientific experiments require only one switching function (turn

on high voltage), as shown in figure 3.2-I. In addition, 400 cycle
synchronization is available, the control wave-shape of x_hich is
shown in paragraph 3.2.1.3. 1.

3



0
I

!

I

o

,_0 br_,,,l +'. _ '_"'_

e/j! _ A_ ,x_ Azi
0 _.:_ _

.!
o C
_ O

g _ I I /

o o I1 /

t

0,1 _ _I _ _ _4 _I _'_ '_

I I I I I I I I I I I

M D..I M M r_

"It t _'1't" III!'l
I

ii"'""l.•• i. II

._ .I

r_ ."._ I
_+_ _ _'_I

_o ._-_o _,ii- _ i

_._ _ _/

• i

0 i t

•. _

o O O • •

Q 4o

,_

o m o C) _

l I I I

Ci

ill o
ii*_i

N

I °

l.... 1:!1

: ii
!

i
• • • •

; I " " "

' i "•.•-
Im o _

o ?

°_

'e"

I !

llt-
i e

i •

i •

i !

OI _ _ ,

_', _,
°

_,_

',t_ N

r_

0_

I

C_

&

t_
o_.,,t

" --i _
II1

Ill

'ii
b

,4,_1

[

I
I

I

=

0

0 _

.,_

l,-i .,.,.t f_lnl l-i .t,-'4 1-..4

o 8"0 o-
0 r_

), _ _ oD m,--.._ Ol

• • t • I II

J



RL-4-410A

":_"3. 2. I. 3. 1 Wave Shape for Scientific Data Synchronization

(ES-!} 400 pps

JL d -tfUUt 23_ftflf
+12V Rise time:

Fall time:

Duration:

<1.0 _s

<_ 350 _s

1000 +300 _s

3. 2. 1.4 Command System

8. (ES-1) 25 pps, command detector time base

Fall time:

6. 0V Duration:

<__I.0 us

g. 350 us

I000 _s +300_s

b. (ES-2) 1 pps. CC&S synchronization information

X S _____2_ (CLOSE SWITCH)(OPEN SWITCH)

Sync Pulses

150 + 50 MSEC

_, J L

l l
2 3 4

0 Sec _b--

Rise time:

Fall time:

Duration:

<_5.0 us

<_5. 0 ps

5. 0 to 15 ms

(CLOSE SVv_ITCH-BINARY ON_E)

_f (OPEN SWITCH-BINARY ZERO)
Note: let bit time is less than the

normal one second.

Information Levels
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c. (ES-3) CC&S Command Alert Pulse

d. (R-l)

i_J--I J.... L_l-....l_
i 1 2 3 4 5t fi 7 8 9 10 11 12 13

Address_ Magnitude to CC&S

,-_i_ Typical Word

.... ]-- (close switch)i t__ (open s_itch) iSettllng time:

1ST BIT OF WORD TO CC&S I 150 :t50.0 msec

Maneuver information to CC&S

14

----L_rmry One)

15 16]'17"l(Binary Zero)

_Polartty Bit

Bit rate:

Inform ation:

Mid- course

(1) Roll .......

(2) Pitch ....

(3) Velocity increment.

I btt/sec Total word length 17 bits

Non-return to zero (11 Magnitude - 11 bits
impedance levels (2) Address - 5 bits

(3) Polarity - 1 bit (Binary "1" is
plus; binary " 0" is minus)

Command Word Address

Terminal Maneuver

10101 (1) First pitch ..... 10011

• 11101 (2) Yaw . . 01011

00011 (3) Second pitch . . . 11011

Address: Least significant bit on left (#1)
Magnitude: Weighted to 1.0 second in time and 0. 1 ft/sec in

velocity increment
Least significant bit on left (#6_

e. (R-2) Start mid-course maneuver subsequence

Close switch Relay settling time: _ 1.0 ms

_____l I Open switch Duration: i50 + 50 ms

-_ _-150 ± 50_LS

f. (R-3) Start terminal maneuver subsequenc e

---_][ Close switch
-- Open switch

_-150+ 50MS

Relay settling time: <_ 1.0 ms

Duration: 150 :t 50 ms
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3.2. 1. 5 Data Encoder

a_ (ES-I) 400 pps,

,mZb_FLF _ lFLJqJ%4__ _ _

q

b. (ES-2) 25 pps,

Frequency Reference

.[]__ +6.0V

-0

Rise time: & 1.0/_s

Fall time: <__350 Us

Duration: 1.0 ms ± 30%

Data Encoder Commutation Control

n _+6.0V
0

Co {ES-3}

R
Control Pulse - Telemetry

+6. 0V

0

d. (ES-4}

Rise time: K_I. 0 _s

Fall time: <350 _s

Duration: I. 0 ms ± 30%

Mode Change

Noise rise duration: 0. 5 ms

Fall time: i 350 _s

Duration: 1.0 ms ± 30%

CC&S Event Pulses to Telemetry

+6. 0V Rise time: <_ 1.0 us

0 Fall time: <_ 350 _s

Duration: 1.0 ms ± 30%

VU
I 1234 56789

i_ Typical Word
i

ITM"

e. (R-l} CC&S Velocity Information

- FRAME IDENTIFICATION BITMAGNITUDE ___ 0v ,__
L _0 v

Settling tlme:
10 11 <_1.0 ms

"- .J
, i0.0 SEC _I

Word sampling rate: once every i0. 0 seconds

Bit rate: 2. 5 blts/second serially

Word length: 11 bits

Information form: non-return to zero, least significant bit #1,
resolution 0. 1 ft/sec

Signal range: 0 to 204.7 ft/sec

Weighting: coded sequence

7
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;;. 2.2 Telemetry

The CC&S shall supply telemetry mforma[io'_; _-hi:'h will indicate CC&S
operation. Event pulses (paragraph 3.2, I. 7,_}.)are 'o be supplied to
the data encoder at the times shown in table 3.2.2-I. While several

events may take place at an indicated time, only one event pulse may

be expected. Table 3.2.2-I indicates the discreet times at which the

event pulses may be expected.

Table 3.2.2-I.

TiRe

1. A - 1 rain
2. A * 23 rain
3. A _ 24 rain
4. A + 48 rain
5. A ÷ 51 rain
6. A - 3 hrs 31 rain

7. A _- 4 hrs 1 rnin
8. A _ 4 hrs 2 rain
9. A + 15 hrs 31 min

(approx)
10. A + 16 hrs approx (B)

Telemetry Event Channel TiRes

Event

Clear and counting verification
Increase transmitter power
Science power on
Unfold solar panels

Sun acquisition (turn on A/C dc power)
Earth acquisition ('.urn on A/C i_) 400 cycle

power)
Event indication (no_ applicable to mission)
Event indication (not applicable to mission)

Capacitor cycl., g pulse (receipt of roll
address)

Initiate midcourse maneuver

11. B+ 5sec
!2. A + 16 hrs 6 rain

13. B ÷ 5 to 455 sec

14. B+ 9.5 rain

15. B + 9.5 to 24.5 min

16. B _-26.5 rain

17. B + 26.5 to 28.3 rain

18. B + 30 min
19. B + 58 min

20. B + 2.5 hrs

2i. A + 64.5 hrs (approx)

122. A + 65 hrs (approx)

(C + 5 see)
23. C t 5 to 455 sec
24. C + 9.5 rain
25. C+ 9.5to 19.5 rain

26. C + 21.5

27. C + 21.5 to 29 rain
28. C -_21 rain 46 sec

29. C + 40 rain

30. C + 45 rain

31. C + I hr 4 min

32. C + I hr 40 rain

Start roll angle turn
Turn on TV subsystem telemetry; switch to

directional antenna, (backup)

Stop roll angle turn
Break solar lock, start pitch angle turn

Stop pitch angle turn
Start midcourse motor
Midcourse motor shut-off

Shut off autopilot, start sun acquisition
Start earth acquisition
Event indication (not applicable'to mission)

Capacitor cycling pulse (receipt of 1st pitch
address)

Initiate terminal maneuver, start 1st pitch
turn

Stop Ist pitch _urn
Start yaw angle turn
Stop yaw angle turn
Start 2nd pitch turn
Stop 2nd pitch turn
Event indication (not applicable to mission)

TV warmup
TV full power (back-up)
Event indication (not applicable to mission)
Reacquire sun (in event of lunar miss)

Note: A = Time of launch

B = Time of initiation of midcourse maneuver

C = Time of initiation of terminal maneuver (55 minutes before lunar

impact) 8
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3.2.3 TV Subsystem and Sciutb Power Sup__

These operations require switchlng functions as indicated under 3. 3.

3.3 Functional Chronological Requirements

3.3.1

3.3.2

The order in which the CC&S receives the above inputs, performs switch-
ing operations and provides the required waveforms as shown in table
3. 3-I.

Prelaunch - Launch

The CC&S is controlled from and gives logic states and relay position

information to a block-house launch console. Before spacecraft power
is turned on (about A-180 minutes), GSE control power is applied to the
CC&S, the counter is inhibited, logic and relay circuits are cleared and

this initial condition is observed in the block-house. CC&S power comes
on with spacecraft power, and the oscillator and divider circuits are

also started simultaneously. Timing pulses are supplied to all sub-
systems getting a frequency reference at this time.

At A-2 minutes the CC&S counter is started in order to obtain an indica-

tion that it is operating before the vehicle is committed to flight. It
should be noted that, in computing the preset event times stored in the
memory, that the times in table 3. 3-I are referred to launch time.

Therefore. since the CC&S sequence starts two minutes early, all
memory times must be increased by this nominal time from CC&S to
llft-off.

To ensure that the missile lift-off time and the CC&S llft-off time occurs

within ±30 seconds, the CC&S must be equipped with a counter inhibit
input that is used to hold the CC&S time during holds in the countdown
occurring after the CC&S is started. In case the countdown time is set

back before A-2 minutes, the CC&S must be capable of being reset.

Not all words in the memory need to be timed from lift-off. All preset
times in the mid-course and terminal maneuvers will be timed from the
receipt of a ground "execute" command to start the maneuvers. All

commanded turn times and the velocity increment will be radio command

stored times and wii2 be used in the mid-course and terminal subsequences.

The CC&S operations after launch and during the first cruise are to be
by stored time command as shown in table 3. 3-L

Mid- course Maneuver

The spacecraft will receive a four-word command for the mid-course

maneuver. The first three words will contain duration and polarity of
turns and velocity magnitude information and will be stored in CC&S
memory slots. This information is digital and has the characteristics
shown in 3.2. 1.4. d. The fourth word of the command is an execute

command and is to be sent at the precise time required to start the
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3.3.3

_ 3.3.4

3.3.5

maueuver sequence. A comma,id alert pulse will be sent to the CC&S

]ust before the comrnar_d information to ensure logic reset to improve
reiiabiiity.

During the midcourse maneuver, accelerometer information as shown
in 3.2.1.1 will be an input to the CC&S. The CC&S will use this
di_4ital information to determine the midcourse motor shut-off time.

The velocity increment command has a resolution of 0.1 ft/second and

a maximum value of 204.7 feet/second. Tile coded velocity increment
in a CC&S register is computed or adjusted during the burning period
of the midcourse motor using the accelerometer information and read-

out to telemetry. This read-out will start just before ignition to get the
stored coded velocity increment command and will end after thrust dies
out to set the motor tail-off velocity and acceierometer null offset.
The CC&S will read the adjusted coded velocity increment to the data
encoder every ten seconds and will feed the data to telemetry at 2.5
bits/second serially as indicated in 3.2.1.5 e.

Terminal Maneuver

The spacecraft will receive a four-word command for the terminal

maneuver. The first three words will contain the pitch-yaw-pitch turn
duration and polarity information and are stored in CC&S memory slots.
The information again is digital having the characteristics shown in
3.2.1.4 d. The fourth word is an execute command and sent at a pre-
cise time to start the maneuver. The turn sequences are as listed in
table 3.3-I.

Two switching functions, TV subsystem warm-up and TV subsystem
full power on take place in the last phase of this maneuver period.
These are stored time commands and are given at C _ 40 minutes and
C + 45 minutes respectively.

Post Terminal Maneuver

In the event of a lunar miss, a reacquire sun stored time command
will be given at C + 1 hr 40 min.

Ground Tests - GSE

The CC&S is required to operate in conjunction with Ground Support
Equipment (GSE) in many system, environmental, and dummy run tests
in preparation for launch operations. The GSE either needs or supplies
the foltowin/_ functions in addition to the controls and indications
described on the launch console:

a. Power for CC&S

b. I pps - CC&S time

c. 25 pps - accelerated time (x25) override
d. Reset to B time (initiate midcourse maneuver)

e. Reset to C time (initiateterminal maneuver)

f. Manual control and indication from each relay

g. Manual control of telemetry mode change and indication

h. Manual control and indication of TV subsystem sequences

i. Simulated command information, sync pulses, acceierometer
pulses

13
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9

3.4

The CCs;S is thus able to ft_(:tionwith the GSE prior to launch to deter-

mine proper CC&S operation during such control. The GSE uses a tape

printer to automatically check out all functions and operations of the
CC&S.

CC&S Timing Accuracy, Rectutrements

The CC&S contains the master time standard or clock by which the space-

craft operations are synchronized and timed. The 38. 4 kpps signal is
supplied to central power to sync the 400 cps power inverter. The data
encoder and scientific experiments are also supplied a 400 cps frequency
reference signal. The accuracies required are:

a. Timing

1) Clock frequency accuracy 0.01%- 3 cr
2) Lift-off time accuracy (launch time) ±30 seconds

3) Required time resolution (a) Start maneuver ±7.0 seconds
(b) Maneuver turn

duration

(a) Launch sequence
(b) Maneuver

sequence

4) Maximum time capacity

required

5} Velocity resolution required

1. 0 second
I, 000 mln.
10,000 sec.

0. 1 ft/sec

So Radio Command Information

1) Resolution required for commanded
turn duration

2) Maximum required turn duration

3) Polarity
4) Input data rate
5) Start maneuver accuracy (a) Midcourse

(b) Terminal

1.0 second

900 seconds
±
1 bit/second
± 5 minutes
±7 seconds

3.5 Parameters and Ranges of Values

3.5.1 Memory

a. Word length

b. Velocity resolution required
c. Maximum velocity capacity

d. Memory capacity

1) Preset event times required

2) Radio command storage required

e. Time resolution required

17 bits
0. 1 feet/second

. . $

204. 7 xeez/secona

13 words
4 words

1.0 second

3.5.2 Radio Comm and Information

a. Velocity increment, resolution required
b. Maximum velocity increment required

c. Polarity

0.1 feet/second
204.7 feet/second

None

14
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3.5.3

3.5.4

3.6

Ace_eLerometer

Average accelerometer rate < 25 pps

Design Restraints

a. Power - The CC&S will be supplied with the following power:

11 ±2 watts
2.4 kc - 26V (RMS) ±3%

Frequency Hmits ±0.1%
Power factor: 0.9 {leading or lagging)
Form factor: 1.05

Overload protection at 150% load; in again at 110% load

b. Volume - The CC&S shall be packaged in one-half of a standard
case. The maximum dimensions are 6-1/8 x 6-3116 x 12 inches.

c. Weight - The CC&S shall not weigh more than the weight allotted
in the Design Parameter Functional Specification, RL-4-120.

o

d. Wiring - The CC&S shall be electrically isolated from other sub-

systems by relays, isolation transformers, etc.

Error Sources and Accuracy Requirements

For ref,qmnce the resulting errors are given for some of the related
tolerances.

- - 7/ ..... _r"----':7 ............... -:.. Z- .... : ............... _Z::,ZZ._-" _ ...........

Error Source l Required 3o" accuracy _ Result max. error
............................

i(1) Cloel_ Frequency

{2) Turn Ttme Resolution3) Yemctty Computation

0.01% 0.04" pointing

±0. 5 sec. 0.12" pointing

0.2 f/s max. 7.6 miles miss

15
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FUNCTIONA L SPECIFICA TION

RANGER P53 THROUGH P56 (RA 6, 7, 8,

SPACECRAFT FLIGHT EQUIPMENT

ATTITUDE CONTROL SU BSYSTEM

9)

1.0

_ 0
_o

2.1

SCOPE

This specification describes the functions performed by the RA 6, 7, 8, tz
spacecraft Attitude Control Subsystem du_-ing prelaunch, launch, flight,
and preimpact operations. Component and operational specifications are

listed for this subsystem during its various modes of operation. Specifi-
cations are also listed for components which are used in common with the
Midcourse Guidance Subsystem and the Autopilot Subsystem.

A PPLICABLE DOCUMENTS

The following documents apply to this specification:

SPE CIFICATIONS

Jet Propulsion Laboratory

Spacecraft Design Specification Book

HA6, 7, 8, 9

Page I of

JPL 14-072
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3.2

DRA W IN GS

Jet Pr,-;pL 1.<i,:_i:

5-10660i

[ A_ !)°_ W;:t t" _F v

Atti!,.d,' Control SAt,_.?stem,
[)ia_-,,'am, RA 6, 7, S, 9

Block

ATTITUDE CONTR()L FUXCTI()NAI. I)ESCHIPTI()N

Introduction

The RA 6, 7, 3, 9 (fo!icr,_-,.m) e\ttitudc C, mtrol Subsvstcrn consists uf error
detector's (optical se_sors) c!,__(-t.,'(,r_ic _tgnal circuits, and £a.s jet control
c'om_)one_,ts Ti_e autopilot a,. _ r_idc"u_rs- guidon(( subsy_t,'m_ are inter-

. • - ,

connected to share attitt:de control e.i,'_ uits. Figure 3. 1-1 shows this

relationsr_q_. ' " in bi_,ck ,iia_,ram__ f,_,rn--, table i ,_-.-.,:-_,_<_,.._.__,.. +>+-...• ,a'_'rafi*'n . Sun
and earth sensors dct(,rmine t_' -_p;,,. t-, ra.ft attitude a_i £-cn(.'rate the

error signals to a;_ign the ._pact-,cvaft _c, perly with respect t__ the Sm_ and
Earth. A switching arn-:_iffier circ_ait l.- used to .:stablish a limit cvcl.e

mode of attitude controf. T!:.v switc.t.ina arnplifi,:rs _.ontrol tc_. valves and

reaction jets about th,: epa(._( raft 'dt,'h, -'aw, a,ad m, ll axes in a cold #,as

(mitrogen) expulsion subsvstt:m.

De sigm Obj ect_ives

The Attitude Control Subsvst_'n_ is ,h .<i_'_,'d to bc adaptable to any pro-
,,.,._._t,'-__ lt.d. ]_t]aF tra_uc.t()r-v b', :_r_U_.-_" - i,,-t_, _, ,_' t};,. _ ..:,'[_-m_..'4.,.}dn',,'._. nr:K!es_

(b'@__' }'iil_2t* a. Kis Cr)_ltI'O! _),_t't2,-,.':, ,ff i,',,,,..........., _,,,,=,rat,_, :l:.;:lrc. ;. 1 -1) anrt t)_)era-
tion {)1" t}lt:' F_)I] [7iit({ .'-'_[l{h,. ',), _-]f .... ( ,q. "['_lt I_}i] ,; igi i';i_1_, IV( a t _,_, t ,,l-lI .....

feature also r_ro,,'ivi,?s thw ,:apabititv ,,f _,a rtiali-' _a]vafii_:g the _::issiv,n in

the cvcnt o! gross tra t,_..lioI'V (_I'F_I':<.

Simplicity has_ I_(,(:._ _,_,.em a. ,._ r'v r:i;.::_ )riocitv i_ l.!_c "" )f t[_e Attitude

Control Subsyst,'m to rna,.iniize 1':,_ [i[...,dihood ,.,I :nissi_l, .-;uc-c,.,._s. To
achieve simplicity tl:c fo!.J,-)..-i_',g rc_<t.-ints have bwv:_ t,sttd,lis}:t.-d:

a. There will. be _t_..)i)r,'rnam ' :vet :a:,.)de. I.imit c/(.-tt- sizt., changes will
t.)t tl'_ _1.be made for the pitch and roll _ ....... . ,,_,¢:,, turn

mode.

b. There will be no siu:'al switc}'.i_,_ b,.t> eer tl:,.- aut,,pilot and the cruise
attitude contro-l-s ubs vstem.

c The cruise attitude - -, '" "_ ' ...... _._,_.t.... s-._>\ s_,,m n_ ,.-(i m,'_t l)e tur'nc.d off durinu"

autopilot operation.

d. There will be no ext;'a sv,itcid_,,2 t,, provJ,ie ra_fi,l s_:n ac'q-isiti_,u or to
- , • •

1)rovide .modified ,ivnan_,Ic _ h,ica:t,.vistl,.'s _,_i" ti:v: c,.,_:,:,a"-I t_:rn or
" " , c::a,_,cs '.'.'{!] bt:" ,,rovided byautopiloI modes. The _'_ ,:: :_._,-,' _::_m_,_ic ' ,.,

the same swit(..}dn_ ',u.,n_.t:,._;. ,*,_:. _-_)x',_s .':l_..... p,=._--_..u".:,p_slii(m si._nai
and insects t}_e g vro ;,.._:ti.'.-m c;,:.:tr,_i, and !)v ,u_fitip]e taps on a single
l'att '5t,.hs' :,c_sit_o_......... isetwo;:... ;,' eats,, .:Qc,'(,, loop.

2
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Flight Description a_d Attitude Control Op_ration

A flight begins for the Attitude Contrvl Subsystem at spacecraft and Agena
separation. The subsystem has c_a_i_leted p roia_,_ch checks before tilt-off

and at injection only the g_'ros are a_:tivated. The spacecraft is tumbling
and will continue until the attitude control subsystem is activated. Next

the solar panets are opened at A+48 minutes and the tumbIing rate slows.
(A+0 is time of launch, see RL-3-110).

The "acquire sun" command is given by the Central Computer and Sequen-
cer (CC&S) at A+ 51 minutes. The directional high-gain antenna is
ex_tended, the gas jets and sun sensors are activated, and the solar
acquisition sequence starts. ihe si_accc'raft first c._liminazes the initial

tumbli.:g rates and then, as i)a_'t of the same process, when the rate feed-
back voltage drops below that of the saturated position sensors, the
vehicle automatically turns to face the Sun. E]iminating the tumbling
rates require a period of 15 minutes maximum and uses less than one-hag
pound of the 2.64 pound nitrogen capacity. Turning to face the sun takes
22 minutes maximum.

At A+3.5 hours, the CC&S gives the Attitude Co1_trol Subsystem the
"acquire-earth" command. The f ommal_d activates the earth sensor and
introduces a 3.5 mitliradians/second roll rate. The directional high-gain

antenna is in the acquisition hinge position following the A_51 minutes
command. Within 30 minutes, the Earth cuters the field of view of the

t_arth sensor and the Earth is acquired. If the Moon should be acquired
first, the roll and/or hi,_ge override co,remands must be given. The space-
craft then roils, gives up the M,,,,n aJ_d acquir,,s the Earth. The Earth
will be acquired within four h_,'.:_._; aftc_r fi:jection for P53, 54, _, 56.

The cruise mode is established when tI'e Earth is acquired. In the cruise
mode, the spacecraft performs a limit cvele about each axis. The dirnen-
sions of the pitch and yaw iinait cycles are +10 microradians/second and

±2.9 miiliradians in the cruise mode. The limit cycle dimensions in-
crease to +5 milliradians in the commanded turn mode. The dimensions

of the roll limit cycle are ±14.7 microradians/second and a gradually
decreasing angular limit set for -*5 milliradians at nominal midcourse and
thereafter. This gradually decreasing angular limit in the roll limit
cycle is due to the gradually decreasing angle which the earth subtends.
This roll limit cycle is flown in the cruise and maneuver modes all the

way to the Moon. The gas consumption required by the limit cycle is
approximately 0.03 pounds per axis. Solar pressure may increase the
gas consumption about 50 percent.

At approximately 16 hours after launch, the spacecraft performs
the midcourse maneuver on receipt of a radio command. The radio com-
mand consists of the velocity increment, the roI1 and pitch turn durations
with polarity and the execute command. The CC&S, on receipt of the

execute command, first commands the Attitude Control Subsystem to
switch the roll axis from optical to in,_rtiaI lock, to connect the roll capaci-
tor, to turn on the autopilot and to withdraw the directional high, gain
antenna to the exit angle which is 180 ° from the nested position. This
command switches $2 to position 2 and $3 to position 2 as shown in the
block diagram, figure 3, 1-I.

3
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1
{ C-. C,md ttons :_! iaunch t 7.

A. Gyro F'o_er for motor_ >nd torq_er
i a,_p'.,if_ers on. l

g. .M! _th;-r _tt-tude control power off. |

1 1. Run Acquisition' ]

•' A, Turn on r,'mxtning A "C po_er except to [
I) Earth ,; _'nsor

2} AeR ..a,,.hm rate command generator

1 31 All a=toptlot components, and I
1

] 4) Mldc,)urse motor shutoff system. I

2. E ar_h A,-quisition I 9.

A. Turn ,m ,mr*h sensor and acquisition
rate n0n:w,and rg, nerRtor !

" i

Antenna i : xit
_ 1 {*(A. >t,-p _3 ?o po-_,.._ m 2 regardl.-ss of

tt._ prb-,r pos!tirm.

4 [n,l_rtia _x_ek Any Axis

A C,m_:uand _I :o pnsiqon 2.

Note "_'[th the present sun sensor

SID ,_.nd S!Y ::.ill ;dz_ xvs opera_:
t(_g, reef.

b. t':',*par_." f(.,r Earth t ass-

k. Rev,.rs_- Step 2. t

6. Cnmmand Turn An), Axis
.at. Turn on calibrated rate co:::rnand

g--v-rator in proper direc*!,-m

B_ R,-vPrse S;tr_p gA af:er all,--t,-d time t
l

Prepar_ for Mtd..ourso Jo_or.

A Turn on autopilnt and _,otor shatnff

Midcours,. • Motor l_mte

A. (;i_e iii_mtte c,'_mmand sim'_ltaneously
with 8B and 8C.

B. Cm:,umnd SSP and SSY to position 2

_I,'n_;.'tazT_ously with steps 8A and 8C.

C. Open shutoff gates simultaneously
"_ith 8A and 88.

Midcourse Motor Shtatoff-

A. Gtve shutoff command.

B. Reverse Step 7A afl;_r allowing time

for shutoff trans!ent.

10. Sun ReaequlSitton-
A. Comuand >IP. SIY, and SIR to

position I

Ig q*. p ?;3 nn-- po._Ition.

11.

12.

13.

14.

!_

i-a:_,h Rearqufsttion:

A. Same as Step 2A.

Hinge. ( ._'err! d o.

A. >t,'p R_ ,;;.-_,,_sttlon.

Hotl (_. or r'id,. :

A. Cor',:r_nd _2 and $4 to position I.

Threshold (-;'dnil o_.de c)perat_on intermLD'

A Pals,: 5;2 and $4 to position 2

7":'r,,,_bola t ,',_s -] o_,d," qperattor_s int,_rnaD -

A .;'uhse >2 and b4 ".- pC,_itl(,q i

S_ It_'b (_peratlor_

SI. ,'}perated sol.ely by the eer:tra] _';_:',:pu',er .rod sequencer i('(&q.

$2: rh[s switch latches t.n bnth dlrer, tton_. It Is pul_,_d to position ? bv *he threshold
crossing deb, ctor thene;'er .a_._nal threshold is last _or *:_eu the ear_,n sensor

t_ turned of_ and to position 2 *henever threshold i_ ga!ned provl ffn_ the earth
aensor_ls turned on'. $2 may a/_o be retu._ed to _)_!t_on I by the roll over-rlde
command from the CC&S.

T_ls switch must be in lx_sttion i ;_hen sun acqu!sltion po',_er is turned on. The

an*_enna exit command iron, the CC&S cause_ 53 to step tn p,,slr_on 2 regardless of

its prior posttlor_ The sun reacq-,d_!tton command fro,',, t>e CC&S causes S3 to

step one tmsittort. The Mnge over-rlde command causes $3 to step one ;_>sttion,

$4: Same as $2.

$5: The ignite torero.and from the CC&S causes 55 to _o :o D's!tton 2.

N(-)TK£:

._;.chea must be In position s.h:.,_n and n,12cour_,.e _hvatoff gates trust be c[osed

,_her, F.oaer _,s !r,Atf_ly turned o.%

S,,ctd boxe._ and ctr¢le_ represent ,:oetro! s_stezT o1" ,_t?ter -,rW.l-F_,n.ents. Potted

_,o'_es ?J',d ,:trrle:_ repreaer, t vehicle ri)'nan;Ic c,,a,_ "a"'eri_,.,*_s.

3j ......... , ......... son aho_n Is for i,,u_trat!on only and is suble:rt to ,.'nm_ge by the
cogmdzaa_t -ngffneers -_ithout notiee.
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The calibrated roll turn is ._,; it_h_-.d in at thi_ tim, _' ,or the caluciated roll
duration. This duration as we!! as t!>" ,,tt>_r _.c)mma__Mcd turn durations

d _.tV _t, I k_vare determined o_ tile ground in ..... " from rhc tracking data and trans
• +[.. _,_ _d c,:,mn_..and and RF thLk to the

mitted prior to the maneuver via _.., _x .d,..
CC&S where it is stored. The polarity of t}_._; turn is inel_Med in the com-

r:,,,ibrat ed command
mand. At the conclusion of the roll turn duration, the _

• r •

rate _,enerator is switched OFF and tint sna.cecraft remains stationa y

until the next CC&S command is given.

The next CC&S command in the sequence s-_itches the pitch and yaw axes
11 _from optical lock to inertial _._ck. The pitc'n and vaw c.apacitors are con-

netted and a pitch turn is periorm,.:d in a similar _nanner to the roll turn.
The CC&S commands the start of each t,.,rn at a fixed time after the re-

ceipt of the execute comma.'_d. The interval butwcen the start time of the
turn allows sufficient tinge for tht-- maximum turl_ ,,!us two minutes settlixlg

time for the tnrn transit.his to, dic ,,_t.

Tile CC&S nex-t ignites the n-_idcour:=(' rn_,t_)r a_t(i for simplicity tt_c coast-
ct,tlo_ Subsystem _s !c:t ON While *'* ..b'g Attitude C _- " _ . . . _:,_ _as iets on all three

axes are Drc)babiv on cuntin_ouslv durip,_ m(,t()r b_rning, there is no imrm-

f",_d effect. The gas c,)nsume,: is _"__'r;a:lt, arid _(" _.,c_-turba.tions to the
thrust vector direction and n,_a_2_it.:d_ a?-t ._,:,nal_. T}_,c midonlrse ,?_.otor is

turned off by CC&S comnmnd. T>. r_ q,._ir<,d v_.[ocity increment is deter-
mi:md from trackini_ information on tl_c gro_."r-., _, a,,.,d sent to tl_e spacecraft

by ground command via the RF link ",:here it is stored in the CC&S in the
form of a required accelerometer _ ount. T!=< i)uis'ua of the digital aceel-

" a ,._ n the" re-
u.rc),_'.,eter arc' counted n<d th,. mi,ic,.,,;rse rrt_t fly i;; S};!It ,')t't" "_ "-"
quired count is rca('}ed. The a,,i1",':!!,_t rL.,_;=_i,' s ()N i,_r tile shtitofftran-
sients to dic out.

The CC&S new tu_'ns OF'F ti_,- n_id_,:_rs,. _ a.:t_)t .'ill-t, j+-t vanu actuators,
ac-cc, l_::rometer, and shut-,,)ff c,,m.put_,r. I'L,: _ rail, pitch, a;td yaw capaci-
t,)rs are switched ,.,ut, ti:c ant,.;::,a i:4 r,,p,._[tj_,ncd,. _qn(i solar ]-eacquisition

g-) -,is started. Thirty mi_Itcs _,re a!l_:',_ed :_._ ._,)_ar rca,,:pdsition. The

CC&S next gives tb.e rnl] s,=arcl. , ,,re:hand i-,,r Ear4h rs_.:_cquisiti on. K
Earth-Moon ambiguity exists, th_ r, di ,:v,.rride ,<m_,mand procedure will

again be used.

The cruise mode is agai:_ cstabl.is!_,:d whet: tt,,e Earth is acquired and the

Attitude Control Subsystem contin,_us m _,_ssmtmt: ,,,_x, _t, _, _,_,a,

m ane uv e r.

Tt_e terminal maneuver is a sequence of single axis turns performed in

the order: pitch, yaw, pitch. Again the turn durations are sent trathe
..,,-._n .,_ loon. On the execute com-

CC&S in the spacecraft via the t.{F ," )_,_..,_r,,,
rnand from the ground, the s_u: se_isors' sianals are .s,.,_ched out, the

pitch and yaw channel capacitors arc c,:mnected, and the first pitch turn- with the
is ._a._ed. The rotl axis remains in nptical i,,ck (earth sr.nsor)
antem_a slaved to the Earth u,'-_tit lunar i:n_aet. Aft_r the turns, the

Attitude Colitroi Subsy_t'_n , .,r_a'ntab_s ti,,.-(i: al snact,craft,._ orientation lot

photographL'_g the lunar s_:fa(:e.

5
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4.'2

REQt [HEMENTS [)N TRA3 EC7 (>:,LF',S

T.:'ajej::tp2E.c._P ej'iod_s

The spacecraft Attitude C:_Jitrol S.fi_ystvni d, sign as,_lltr:es certain tra.jec-

tory conditions and thus in.Dt_s('s,,'_ah: restraints or:the trajectory and

sl,acecraft design. First. thc time p,..riods comoosingthe mission are
defb_ed. These time periods are defb_cd relative to launch.

The initial Earth acquisition neriod is the l_eriod of time allotted for

initially acquiring the EaCh Th:_ time m'riod l_e_ainsat the "acquire-
_,artl{' , ommand, which is ._et at aiorox:L'-,atew ,me hour after the latest

_mds at the _:artiest
tim_: at which the probe enters the sunlight and it
,imc at which the range exceP,:i.- the _:iinbnuPl l%q-ll_U at which satisfactory
corn municathm is auarantecd v :a the oln p,i- di _'ecti_mal ( to_'- .,<ain) antenna.
Thcse tir!l(_s are t_tken to _ri(.an t'ac ,a, ,-Pst ::8>:{'.q [(;.,1"all-," trajectory for any

of the firing days. FoP cony '_njcm:c th( HA 6,7,8, f) ii%itia] Earth acquisi-

tion: periods arc c]_ose:n to be l,b,l:ticnl. The initial Earth a<{quisition
pL.rh_d t)egil_s at 3 houPs. 31 {t11I][l].t.:-_ Lk_L"]" ]:_:lI:.['il ;_1(] '_rff!S at approxi-

_nhtcoursc turn _.on]n:and and _._d_ :_,t ti:,., fif_::,- :_: c_m;l>leti°n of the latest

[x:sslbLe Earth reacquisitio_. Fhusc ti_:_c.s at-r: _a_:en to mean the worst
uases for any of the firi,qa days. For HA !:,7,_,,9 the midcourse maneuver_

,.,wrh;d be.eins at approxm:ately 16 ',,-_ur-s after launch a,_d ends ap[)ro::[
, ' _,t . ,_:,:l<-h. F: :..a :,:.r::>. :< -.: .:.,,_<_y ,l-1 h_:a'._ ,.,+ _"_" "'" ,.,+ d_.t_.rm[ncd by atlitude

_',,l_tl'Ol c<msid< rat[oils and th,.. ,:,a,::},, r5 ;_': _::,4ed ;or Fc:er(,flcc OI]lV-

"l'hotc-.:-:_:inal:nancuvcr p¢_ri_d '.-'_.'_:s::tit:,'ti':_ ,,:::}-:c_:!rIiest p<;ssil)le

_,', !i%:._t,t± _.klgl: ( "_}ltllt,a_] $t!lti _:(iS ,* t]:_ t!2_ t)1" c'(;:lt

: :_%S:blC" t:.arl: C£_IIIITIa:I({. _']:(,%. :-:::_._{ :_F: :klbL_'l: it.} :_I{'(in ,+.}l_":A'f_['.st ('Ei.S&'S

f:_F any tl'aioctory for a::v <>f tit,' :'l:::_a _L:v>. }'-_r" HA _, 7, 8, :_ th:-" t: rmh_al
.... .i_ at-:,ii_.)::l'._":._:t_,rblunt h and _,r:dsat

l:t.,( :v_.F [
n:_:>r:,xim::telv 66 }o":v< after la':uuh. "t"_:i._ [,,,ri:,.l is :tot dctcrn:iI:cd :.,v

, . ,, " ...... I : , . _ICt2
attitul: < entrot :.,;nsi:R, rations, ai:-:d t[:c <,:_:_b{:r._ a r,.: q ,(.,ted for . .r(,p,.:

1
Oil 1v.

T..,4...,.+,.-,,-,.- .qpacecraft Angular Restra_h.}ts
* _ ?'A___F'_.2"2 o _ - ............

The n",idcourse andtcrminal maneuver attitude re_cr_'P, ce accuracy_.c.,n45 and !35
requirements restrict J,, _arth- pr{}b e_ sun a_gle t:, t,(,tw• * _ + - {,::til-e p,:idc.,a,.lr:4c' and ter-
dcg:'ces rciatiw: to the prob(:- s,_m lh.'_: _c r . _,'
n-thai rnancuv:'r periods. This :.{,_;ionis _h,,wn i,,:ia,re 4.2-1.

The "": - lighted :)ortion of t}_,-Earth as ._{,u at the :}rv_bemust b{: con-(jl:t_P_J - ,a ' iv,. .... _ If
• , ....... fI'{>l:i :;5 t_

taincd v. it]_tn the conical a:%'.._':ar .a...:" " . ,.
- :.,,::.ialE ...._ a(':l .....h<,ur bc:c,:'c the _:nd of the • "'" . -_4:; ui,,:itit,npcri:,,i a::{l :,_ tmuousi,

" '_':v,'to t,hu p:',):_:-_:::_fin:' .Aith the apex :it
ti,ereafter. This anale :s r', ;,._.... -
..... , ]as::{-o 1::,cs. The earth
the ,_r,)}>" _::dis indicated i':":-'.rc 4-1 } l lp, t_:e , " " : "

s,,:::sc, r field-,if-view co_.stra.:_:'- ':_' '->:,' t:"l-_' ...... :-- :ip._itat:o::.
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5.0

5.1

For ,_,ach_nission *divert_niu_t _>:i_t __45 L_gr_._econical angular range
(figure 4. 2-2), witl_.n _,_hichth<,_t._artb !aagent-probc-s_m angle will lie
for at least one-half hour during t}_- is:ilia! Karth acquisition period.
tkis restriction is aecessars- so t_at _c, rc wilt ]_c one pr,zset acquisition
l_nge angle for all tiring day:_. "i'i_.i:_ Earth tang,,:.,,_t-probe-sun angle must
lie In the 45 degree i-ange of valu_,s for all trajcctori., s of tJ_ _nission.

For each mission there must exist a -15 _i_gr_c cot_icaI angular range,
(fi_mare 4.2-2), witl_n whid_ die Earth tang_nt-prob_:_-sun angle will lie
during the entire midcourse ma:,muver period described above. Again
hhe angular rang_: is for all tr'_j_ctories ,Jr "die l_ssion. The r_ason for
this restricted angular range is the ncc,,,s,_ity to preset one reacqidsition

hinge angle for all f_ing days and ali iraj_:_;tories.

Another restriction should bc n-,,ntioncd t}_,ough it would only apply in
case of failure of the roll overrid:, _:_,nand. During the initial Earth
acquisition period or tht_ reacquisitio:_, of N_e rot[ owu'ride command is

not available, fl_en hhe angular range of _1_: n:oon-probe-sun angle must
Lie at least 25 degrees outside Lhe 45 dcg,.'_.e co,,_icai angular ranges men-
tioned above°

REQUII_EMENTS ON SPACECRAFT DYNAMIC Cf!AHAC'IERtSTICS

Coordinate System Defhdtion

Before stating the spacecraft configuratio,_ and {ivnamic Limitations, the
,,,_isK.ng _pacecraft coor,!L"mt_ ._':_i_--F: _- i "_- :ll .<_o_-'_g and :__ae!Kning,
all dimension, alignm,.nts, and th,- ;o_, _-:,_c,_-s r,:"'. _'r,.:! to the spae(-craft
coordinates is rt_viewe_i. This i_i'_,_;_ation i.,!; giv, r,, i:: r_or_, _ietail in the
St r-uch_ral Fun ctional Spe ci fica lion.

The spacecraft coordir?at,, ;_v_t, __ "_ ;,_f_:-,' i on t?_,, ba:_i,q of two rcSu'ence
[.danes° The primary r<-fcr,_nc(_ [d:._m:_ i_ d,.-f-ncd by _rce of th_ six space-
craft mounting feet; A, C, and t: :_s ._!_.,,.vn in fS.g_r,.. 5. 1-I. tt_e second-
ar 5, reference plane is v_e mounti:_g pin::,: of 9w ;_ttimdc co_h'oi assembly°
riffs surface is mactkincd perp,.:?_.licular .o th, !;,ritual)" r_.ference plane to
within 0.005 inches in 20 inches (_. 25 mitlira,iians).

The spacecraft coordinate system consists of thr,_c mutually perpendiieutar
reference lines: pitch (X), yaw (Y), and roll {Z), _hich form a conven-
tional cartesian coordinate system. The roll reference line is defined
normal to the primary ref_:renc,' plane with +Z aft, and it passes through
the center of file basic bolt circle. "lh_ _ yaw r_.f,crence Lilac is defh-_ed
parallel to the reference plane with +k _,ppos_te 'd_edirectional antem_a.

The pitch reference line is tl_(_a d_::fine,l :_uch as to form a right-hm_d
system. The reference Lines i:K_rst_ct at I_e origin. 'fhe origin is loca-

ted such that the prh_aary r_:feFcttc( ° plai_e b,_:co_nes station Z -- 500.
These definitions are show:_, in fig,_r,: 5. I-i.
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+Y

+X

Plane A is defined by Feet A, Y

C, andE.
Z-Z is defined normal to Plane A

and pierces A at the center of
the basic bolt circle.

Y-Y is defined parallel to both
Plane A and Plane S.

X-X is dcflned perpendicular to

iI !.A pRI MD_RY
.... -"n :7 'v'o'_" OI.ANE

i/

STA. 500.00 12
-- t

1

l +Z
AFT

BASIC BOLT CIRCLE F

A d / / X ATTITUD_ CONTROL

Figure 5. 1-1. Spacecraft Reference Planes and Coordinates
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5.2

5.2.1

5.2.2

I

5.2.3

Positive [)itch, yaw, and roe a_g](.s and mom,_:nts are defined as clock-
wise when lookin/4 from ti_e o_,-i_in alc_ th(' p _itive reference lines.
This is a conventional right-ha_d c(_n-di:_atc <vstem in all respects as

shown in figure 5.1-2.

Dynamic Re quirem ents

The numbers followed by an asterisk are not considered critical and trade-

offs are possible. However, any deviation from the specification must be
requested.

Spacecraft Configuration Definitions

The specifications are given with reference tt) the following four possible
configurations which the spacecrMt has d',_ring flight.

1) Configuration One is the configuration after Agena separation but
before opening t_he solar panels or directional (high-gain) antenna.

2) Configuration Two is the confiw_ration after opening tie sotar panels
but before the sun acquisition _ornnmnd. The antenna is ne_ted in

this configuration.

3) Configuration Three is the cruise ccmfiguration. The solar panels
are open and the antenna is at _omc- a_gle from the nested position.

4) Configuration Four is the m_dcourse confiauratinn. The solar
panels are open and the anter,na is !_0 degrees from the nested

pos ilion.

Location of the Center of Gravity

1)

2)

3)

The CG must bc located within I inch of the roll reference line.

The X and Y CG coordinates must be determit_cd to an accuracv of

i0.25 inch maximtm_ for configuration four (midcourse), and 1 inch
mmximum for other configurations.

inch¢
The Z CG coordinate must be determined to a l_ men'; accuracy.
The nominal distance from the CG to the center-of-lift of the jet
vanes is 23 inches. This figure is specified by autopilot considera-
tions and is given here for reference.

J.

Specifications followed by an asterisk are not critical and limited
compensations are possible, if deviations to this specification are
requested in advance. (See a!so section 6.0).

Moments of Inertia

The moments of inertia are referred to an axis system with the origin at
the CG and with axes para!I1_e! to the pitch, yaw, and roll reference lines
as defined in the Structural F,mctionai Specification, and in section 5. t
of tMs specification.

10
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+Z

Figure 5.1-2. Angle and Morr.,ent Definition
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5.2.4

6.0

1) The difhercnct s bct,,,.e*cl; th_ _,,_:_cnts should be as large as possible
for all .... _ • "spdc_c ra.A confi2,u r'_*i_m s

2) The maximum lTtoln(_!-lt of ir.:rtia should be about the same axis for

configuration ol,_e as it is for configuration two.

3) The three moments of inertia n_ust be determined before flight to an
accuracy of +_10 percent ma×imum for configurations one° two. and
four.

4) The three differences between the three moments of inertia must be

determined before flight to an accuracy of z I0 percent maximum
for configuration one and two.

Products of Inertia

The, products ,Jr i_c_ia at,- t',,f,:rm..! to an a_:i:_ , v_,u,m _-ki_ thL- _,li.cui at

as tk.filtcd in _:;,: Str_acti:ra7 F_,,;,'ti_,,,!al Si_:-cificatio:_, _w.d in s,_,'ti_m 5. 1
of this spt'cification.

t)

2)

[IEQUtt_EMENTS ON A'FTITiI)E C()NTII()L (:():_I P()N ENTS

Thc

1)

I }

OV_q'a].l spao2craft i_(_itlti_:2 r-,.,,_ tir_,t:_ iit_ arc aa t _tows-

P,>inting t,_rr_.}r (if...... f;)l[ f'_'Jf,y'i._D t [J',_.t' lll Crlli:d_. ,,.° _,i ,,_,___'-'"4!t__

,.'a 4 "a ns :.3 o-

P,,.;c_ti'_2 _.rrc;r" ,;¢ ._ .', ...... " _.r.,i '".......... _ dx2s _, S( 5 '_ -jcr
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RL-4-420 A

6.1

(;. "2

Sun Sensor Specifications

The sun sensor subssstem must have a pointing accuracy of :3.5 milli-
radians and have a field-of-view over the complete sphere about the space-

craft. The sun sensors, consisting of primary and secondary pairs are

interconnected to produce these proper error characteristics. These
c}_aracteristics must tie wit}fin the limitations shown b_ figure 6.1-1.

To explain items in the following specification tables, tl,e two axes sun
sensor orientation is sho_n. The sun sensor location on the two axes

consist of primary pairs located o;t t}_c bus, and two i,_airs of scq_sor
elements in eac}i secondary sc;_sor located _m the solar panels. The sen-
sor elenients on the bus, A, F, G, and L, are located as s]_own in fiattre
6.1-2. The secondary sensors ccmsist of four sensor • ]elllep, is _onnected

to operate in pairs and to br_adcn the field-of-view f,_,r acquirir_R the Sun.
This orientation is perhaps bc:st .<,}:own by electrical co_mectio:., of ti_,. _

Wncn t}._e earth s_.ttsor a,,quisithmelements as 5ho_vn in ,.1s.z_"',..... c 8. t-,>.'_ "
signal is given, the circuit to the scc,:ndary sensors is ot,'rwd and on]v
the primary sensors arc us_,d in (Fuise. The error st<nat characteristic
f_r ,_uch a co_,.ncction is _}_own in fi-urc 6.1-1. The tolcra_c;,s for the
_,m ._(:nsor charactcristic arc _iv,..- n_ tabh. II.

Earth Sensor Specifications

The eart!_, sensor must }rove a poir ring accuracy of flt.' mitliradians 30- in

roll, and _17.5 mil!iradians :._cr in hin2e. An asynlmetrical device may,
th(.rc.f(,rc, be used. The cart}_ ._,.nsor ,_:elc, ctcd in thi.<, api_lication consists
of tb.rec p mttmmAm_ler t fi,es _)t:,t (.;! 1_ a,;eh a confiRur,_tion to _et asvm-
metric tw,, axis crr_a" charactt,ristics. Tt,, two axis coordinate sv,_tcm

used _vKh tiic eaYth sc:is_)r is :ohown in fiuure 6.2-1. The field-of-view of

eat h sensor element and t}_c ori(,ntalion is shown in figLirc 6.2-2. The

s_,msor hood specification is siiowl: illfiaurc 6.2-3.

Th( o;)tputs from the thrt.t sensors arc , ,,tnbint_d as shown in figure
_;.2-4 t_, obtain the err_,r sia_al t:ba:'actcristics, Th,' photo sensors have
a c_,,_tant sensitivity across tl_efa(<_of the sensor with a linear sloped

sensitivity characteristic ar,u_.,_c_the Boundaries as shown in figure 6.2-5.

The summation signal (A + B ,_ C) is used for AGC so that the effective

eEl'Of S±Rlttt_ ar£}:

Roll Error Sit_:ai
(A - B- C)

I2 (A-B+ C

_, (A - B)

r (X-VE-:-

" t:m' axis saturaThe coil t: .... ;" i<m_i _:_ [i_t-,a_ -,:") 5 "'" _

tin_{ at _r_.atcl" ;_n:h.,s. Fhv }_i_,_r.c ,.:rr_:,r :ait_'a± _:_ ii{htar --o !%dc'_41"ces
_.-_ T,'_.,' '_ ,:f tbc }:im_c errorab,'.ntt ti,e _,,-i< .-;k._.,_'",",_,:l..'_.tit t'-'+,'" a,]/: ......... ' " sl ,_)e ..

..... ' ._tt _ :" ,; lLh t}]c: Ti_ _'i'[tld[; of the:" "C t('Pl]]"

'_ k;CI]SOf" _S tilkt'_ }_C S<'CI] bv t}:(? ('(l_n_{o'" "]'}lOor it',, iiiuminati,_m ,:K .1,.-"C" ...........
tot(" I_a,r!ces ]_t)l" t_'"e,...... (,aYt}_ ;_(:i_sor o}taFa(t<l'[bti<_: art_ eiven in ÷_alv''..... III.
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RL-4-420 A

The mechanical alignment of the earth sensor tabulated in table III is

dependent upon a build-up of mechanical tolerances. Briefly, these toler-
ances are as follows: the secondary reference plane (see figure 5.1-1) is

also parallel to an axis through the base mounting holes at spacecraft
supports C and F within 0. 005 inch in 10 inches (0.5 miltiradian); the
antenna hinge axis (at C) will be parallel to the base reference plane to
within 0.68 milliradians and perpendicular to the secondary reference

plane to 0.68 milliradians; the total mechanical tolerance in each case is
0.88 milliradians to leave 0.20 milliradians for structural and thermal

deformations.

The earth sensor mounting surface will be perpendicular to the antenna
hinge axis to within 0.36 milli/_adians. The total mechanical alignment
tolerance is 0.58 milliradian leaving 0.22 milliradian for structural and

the rmal deform ations.

Attitude Control Gyro and Gyro Loop Specifications

The pitch and yaw gyro loops are shown in detail in the block diagram,
figure 6.3-1. The tolerances on various items in the loop are given in
table IV.

14
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C,D

-Z

+Z

+Y

RL-4-420 A

Secondary Sun Sensor pairs
located on bottom side of

Solar Panels ---7

/
/

e

bB ..... X

i,J

K

4

-IX ---_

+Y

/

-Z

I
|

÷Z

Figure 6.1-2.

!

I
-Y

___y

- --4 --

B -X

H

-TZ
!

"Y .... I ___

+Z

Sun Sensor Element Orientation

+16V .. _" +i6V

G

L

-16V ------'---q_"-_ • -16V

+Y

PRIMARIES SECONDARIES

H

K

/

PRI MARIES

i
SECONDARIES

Figure 6.1-3. Sun Sensor Connections
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NULL AXIS

ROLL

_H = HINGE

POSITIVE

AS SHOWN

DIRECTION TO POINT

SOURCE OF LIGHT

N-ULL

\
\ = ROLL

k

ANGLE
NEGATIVE AS
SHOWN

This sketch defines the coordinate syst(,m used in the field

of view specifications of Figa_r_.s 6. 2-2 and 6. 2-3.

Figure 6.2-1. Earth Sensor Error Co_rdinates
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ACQUISITION ROLL
DIRECTION

(DIRECTION OF SENSOR}

90 MR

ROLL

MECHANICAL NULL

,AXIS

I-----__ 4_MR
;P';l]_ll_\__ _3o"• 1 o"

__/__ILINEARSENSITIVITYSLOPEK

IN ALL BOI_NDARIES

\ ,+2.5" HINGE
._ MECHANICAL

'/_//?_;gM/,//

19"± I"

2 Places

_"-2 5" NULL AXIS

_. CONSTAI_Vr POINT

SOURCE SENSITIVITY

_, -30" ± I. 0"

--_ q_- 45 MR

PROJECTION OF

POSITIVE ROLL AXIS

KEY

A SENSOR FIELD OF VIEW\\\\\\'

B SENSOR FIELD OF VIEW'/////

C SENSOR FIELD OF VIEW g)f(?))';f'

Figure 6.2-2. Earth Sensor Field of View Specifications
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TO SUN

• 1°
.,,,30" • HALF CONE ANGLE

-7

HOIDED REGION

// _" UNRESTRICTED
VIEW REGION

GREAT CIRCLE EARTH SENS(.)R FIELD OF VIEW

(See Figure 6.2-2)

POSITIVE ROLI_ AXIS

Figure 6.2-3. Earth Sensor Hood Specifications
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A

B
C

_(A+B+C)

(A+B)

A(A+B-C)

ROLL

SIGNAL

HINGE

SIGNAL

Figure 6.2-4. Earth Sensor Error Signal Logic

45
MR

_Jl

L
45

45

_k. MR MR

_ ILL" .i_NATION

,_spFNs_:oF_:_soRc
_-_:_-_ _-:__.

ILLUMINATION

RESPONSE OF

SENSOR A

Figure 6. 2-5. Earth Sensor Photo-tube Response in Roll (Off Hinge Axis)
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RL-4-420A

Table If. Sun Sensor Characteristics

i

Quantity Nominal Value Tolerance

(1) At midcourse and terminal maneuver

Mechanical mis altgra_ent

Front null electrical offset

Zero

Zero

±2.2mr3a

± 2.8mr 3m"

(2) Front null electrical offset at
other times Zero ±20 mr*

(3) Rear null electrical offset Zero + 20" max.

(4) Linearity monotonic in the ± 10% change in
-15 mr to +15 mr slope to + 2 mr

range, from front null.

(5) Null drift rate Zero 2 u r/see 3 ¢r

(6) Noise , Zero

(7) Noise slope

(8)

(9)

Rise time to a step input
(5% to 95% of final response)

Primary and secondary sun
sensor field of view

Primary sun sensor field of view

(a) !n plane of control (pair)

(b) In plane perpendicular to

control plane

Misa!ignment of null planes to

vehicle reference planes

(I0)

(11)

(12) Saturation degradation - See figure _.
6. 1-i. One area of saturation dL-gra_ ,
atlon is permtsstb!e on each _Ide of
front null.

0.2 mr peak-to-
peak maximum.

1 u r/see max. or such that multiple
switching at end of limit cycle does
not increase design limit cycle
velocity.

0. 2 see. max.

4 _ Steradian

+ 45"

+ 30"

Zero

Zero ( absolute

requirement} t

!

± 5" max.

± 5-" max.

± 40 mr*

............................ _J

'_Speciftcations follow_-d bv ;m aster_k ...... are not c-rlttcal and ,-v,a_.<es,,_ ....._r,, p_sMble

if deviations to +"Is.... _:?ecificat.!on are Peaue_ted,, ;,qee ;._so"" sec'ilor; _,.. 0).

21
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(1)

Table HI.

Quantity

Earth Sensor Characteristics

Nominal Value l

Roll null offset

(a) Electrical

(b) Mechanical mtsalignment
perpendicular to hinge axis

(2) Hinge null offset

(3) Linearity

(a) Roll

(b) Hinge

Zero

Zero

Tolerance

8.0 mr 3 ¢r

Zero

± 1.73mr3er

Monotonic in -22. 5

mr range.

_ r_ oMonotonic i,,-_. 5

_o +2. 5 ° range

±17. 5 mr 3 _r

I(4) Drift rateNull

(a) Roll

(b) Hinge

(5) Noise

+10% change in
slope to + 2 mr
from null.

Zero

Zero

2 ur/sec 3

2 ur/see 3

(a) Roll Zero

(b) Hinge Zero

(6} Noise S!o_-__
!

(a) RoLl

(7) Rfse time to a step input " |

a .... to 95% of ftnal response)

(a) Roll

(b) Hinge

(8) tItnge axis saturation for
. up to ± 2 mr rolt error

O. 2 mr peak-to-
peak rnax.

1 mr peak-to-

} peak m_x.

1 pr/sec m_x. or such that multiple
swotching at end of limit cycle does
not increase design lfmtt cyc!e velc,(:itv

23 mr min.

22
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(I)

(2)

(3)

(4)

Table IV. Pitch and Yaw Gyro Characteristics

Quantity

Fixed torque drift after

compens at±on

(a)

(b)

Steady state response of

spacecraft to turn com'nand

Deviation from calibrated

turn response including

variations of all components

Gyro Linearlty Deviation

Monotonic over Range
± 10 mr/sec.

(a) 0 - 0. 5 mr/sec

(b) 0. 5 - 7.0 mr/sec

(c) Calibrated point +0.1 mr/sec

Gyro loop angle storage
capacitor random leakage

(5) Saturation turning rate

Torquing amplifier voltage
saturatton

(6)

(7) Dampiag _-_,,,--*"_,_-,ro loop)

(8) TGA " K e Product

(a)

(b)

Acquisition and cruise mode

pitch and yaw axes

Acquisition and cruise mode
roll axis

(c) Command turn all axis

Nominal Value

Zero

3.5 mr/sec

Zero

Zero

Zero

Zero

Zero

10 mr/sec mln.

mr minimum

0.4 minimum

3.2 seconds

5.45 seconds

5. 45 seconds

Tolerance

4.8 _r/sec 3 0-

±0.3% 3 o

± 5%

±4.85 ur/sec

max.

±48. 5 ur/sec

max.

±1.5 _r/sec
max.

5. 0 mr 30"

for any turn
up to 3150 mr

± 20%

± 20%

± 20%

24

|



RL-4-420 A

(9)

(10)

il)

(12)

(13)

GC

(Cont'd) Table IV.

Quantity

Null drift rate

Noise

Noise Slope

Rise time (from application

Pitch and Yaw Gyro Characteristics

Nominal Value

3.82 seconds

Zero

Zero

Tolerance

± 20%

2 .r/sec (or 2/TGA

.r/sec 2) 3 cr

0.2 mr (or 0.2]_. A

mr/sec) peak-to-peak
max.

1 .r/sec max or such that multiple

switching at end of limit cycle does
not increase design limit cycle velocity

(14)

(15)

(16)

(17)

(18)

(19)

until 95% of steady state
gyro loop output)

Pitch gyro misalignment in yaw
from all sources

Pitch gyro mlsalignment in roll
from all sources

Yaw gyro misalignment in roll
from all sources

i l00msecmax.

i Zero

i Zero

E

Zero

Yaw gyro misalignment in pitch i
from all sources Zero

Roll gyro misalignment in pitch
from all sources

Roll gyro misallgnrnent In yaw
from all sources

Zero

Zero

I. 53 mr 3 or

I. 53 mr 3 o"

1. 53 mr 3¢r

1.53 mr 3 cr

1. 53 mr 3 o"

I. 53 mr 3 ¢r

25
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6.4 Switching__Amplifier Specifications

(I)

(2)

Terms and symbols used in this specification are shown in the figure

6.4-i block diagram of the switching amplifier. The specified values
and the tolerances are given in table V.

_Table V.

(3)

Quantity

(4)

Switching Amplifier Characteristics

Roll dead zone in acquisition,

cruise, and commanded turn:

Pitch and yaw dead zone in acqui-
sition and cruise:

Pitch and yaw dead zone in
commanded turn:

Hysteresis

(a) Pitch and yaw axis

(b) Roll axis

(5) K 0 all axes

(6) Nu;.1 offset

(7) Null drift rate

(8) Noise

(9) Noise slope

Rise time (from rapid crossing

9 ,_ ,,ooutputlof switching line to r -_

Fall time (from rapid crossing i

of switching line to 5% output) " L

(I0)

Nominal Value

5.0 mr ±0. 5 mr 3 o"

2.9 mr =0.29 mr

5.0 mr ±0. 5 mr 3 o-

70 ur

160 ur

Zero

max.

ZCFO

sec.
200 millisecond max.

50 millisecond max.

J

Tolerance

(ii}

L

± 20%

= t irlr '_ 3 cr

2 ur/sec 3 c;

* Specifications followed by an asterisk are not critical and changes are possible
if deviations to this specification are requested (see also section 6.0).
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$9. 5 Al_i',udu Co_ro! Va!vcs and (,:._; < -"_'{.....

The sp_:_eifical!ons on p:{r:_n_e_urs ,_f '_( alli_.:de c<<_troi _as sub_vstem is

Kiven in table VI.

Table Yq/. Attitud< Coi_trol (;a_. %<,hsys_em

,'i_. Acce]era!ion lu--e_"_ eac:: ax_s

(a.) Steady flow

(b} Lockup

(2) ()pening time (from receipt of

, u_ open}electrical sigma] to r.,_

(3) Closing time (from zoss cf
electrical " " toSl ffna_ full "ciosud)

........................

f t • ][(4) I _aKa_, ,o,.a_ for three axes
[
................................ @

I 5) (]as capacity

t

t6) I'roduct of specific lmpuls<' and
COtltrol arm tuach axis}

........................... i

i(7) Crosscoupllng

{

b 28 ",_r/_er.- :2 f'

9

0, 28 r-:_rl sec- +50% ,

-.0 . t

I

i
:'L,' ,'1] <-2:22. I",IL{X.

20 Ilt ,_'_C. Illa.X.

O. 05 ]L,. 'day n_:'ix

t-_ } .-,t't, _)

i l

I

-, -4

lot. ft-sec, n_in. !

U. 02 9 max. ,- I
see i

i
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(Insert in Spacecraft Design Specification Book) APPROVED:

|

JET PROPULSION LABORATORY

Spec. No. RL-4-460

22 January 1962

FU N CTIONA L SPE CIFICA ]'ION

SPACECRAFT RANGER RA-6, 7, 8s 9 FLIGHT EQUIPMENT

MIDCOURSE AUTOPILOT SUBSYSTEM

1.0 SCOPE

This specification describes the functions performed by the RA-6, 7, 8,
and 9 spacecraft autopilot during the midcourse maneuver. The operation
is described by block diagrams. Component and operational specifications
are listed for this subsystem.

APPLICABLE DOCUMENTS

The following documents apply to this specification:

SPECIFICATiONS

Jet Propulsion Laborato_ _

RL-3-110

RL -4 -420

RL-4-430

Design Characteristics

Attitude Control Subsystem

Midcourse Guidance Subsystem,
Spacecraft Design Specification Book,

Ranger 6, 7, 8, and 9

Poge I o _. 16

JPL 14.072
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3.0

3.1

AUTOPIL()T ]'[_ NCTI()'qA 1., i) i._<_ _-'___ ' _i_. )),

Introduction

The autopilot intraPanctional relationship with the a,._i_lde ,,2ontroi _ub-

system is shown in figure 3. 3-I of tiltA tt_{._Jd_Control _anc_onai Speci-

fication (RL-4-420). The.autopi!ot controls the spacecraft motion at the
appropriate times about the pitch, yaw, s_nd roll a×is. lh,: components

in the pitch and yaw loops are shown in block diagram form in figure 3. i-I.

3. 2 Autopilot Fl/_ht Descri}_t[on

At approximateb _ 15.5 hours after laun_uh, the spacecraft starts receiving
the radio con_mand information for fl_e_:_idcourse maneuver. The radio

command consists of the roll and pitch turn daratlons (wi_/_polarity) the

velocity increment, and the execute command. On receipt of fl_eexecute

command, the CC&S conlma_ids the Attitude C,Jntrol Subsyst_zm to switch

the roll axis from optics/ tO inertial lock, to connec_ the roll capacitor,

to turn on the autopilot and to extend the directional b_igh-gain antemta to

the exit angle, which is 180 ° from the nested position. TlUs sequence is

described in more detmil in the Attitude Control (RL-4-420), Midcourse

Guida_.ce (RL-4-430), and the CC&S (RL-4-410), F_<metlonal Specifications.

The midcourse motor is ignited after the sequence of command turns has
been completed.

The line in space along which the turn command sequence positions the

roll reference llne when the error in the attitude control swi+_ch/ng sxnpl!-
flers is zero, is called the autopilot inertial reference llne (IIRL). The

•ngular relationships are shown in figure 3.2-I. The roll reference line

at nfldcourse motor ignition is within five m!lllradlans of the IRL. This

inl#/al angular discrepancy is due to the dead zone of the attitude control

swltchfng amplifier.

3. 3 Pl%ch mad Yaw Au%opilot Channels

The transverse velocity error, u (in figure 3. I-I Autopliot Block Diagram,

and table I Glossary of Symbols), results from the mldcourse veloci%-

correction. R is the purpose of the autopilot to keep this error close %0

zero. To accomplish this, the autopilot controls the angle kM' the meas-
ured inertial direction of the thrust vector relative _o the IRL'. The _ne-

varying angleTk., is the sum of the me_m_red _me-v=_ryLng deg.ection of

the t/un/st vectog*relative to the roll reference Line (_), and the time,

%'arylng Inertial attitude of the roll reference llne re!at[ge to the IRL.

The pitch and yaw channels of the autopilot have two control loops. The

inner loop is the autopilot loop which controls and stabilizes the vehicle

attitude (@a) in inertial space in response to the autop_o_ command s-ng.e.
Thus, _he'_u%opilot loop ma/ntains a vehicle attitude 0__which is (in the

steady state)equal to -I/K_ times the autopilot comm_hd angle, The

autopilot command angle is_'fl_enobtained from _e outer loop, the path-

guidance loop, by integratingA, M +'_@_ with the proper sign to reduce

A. M. In _he steady state, this fiear-lYe_ect integration forcesA. M to be

i
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AC'I'IrAL
THRUST

VECTOR

AUTOPILOT INERTIAL

REFERENCE LINE (IRL)

\

/

M A

R

REFERENCE '_ Am

LINE / -.,i

ROLL

A REFERENCE

P=CG FaA_ LINE

ANGLE %A.

THROUGH \

THE cg AND _ /
CENTER OF LIFT 1
OF JET VANES |

JET VANE

MEASURED

THRUST
VECTOR

THRUST MEASUREMENT
OFFSET ANGLE

ACTUAL

THRUST

VECTOR

Figure 3.2- 1. Angular Relationships
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7

virtually zero, leaving% a with a reslca.a_ error equal to the negative of
the thrust vector offset 6__.

It can be seen by inspection of the autopilot loop and the path guidance

loop that, inthe steady state, ifK M : 0 and _= 0, then_ A : +/9'
whereas if K M = I and_ = 0, then-A A = - _'_" It has been shown that

there is a value for K M = 1 which minimizes the mean sq,Jare error "I_,

provided _/k and p are normally distributed.

and the error is "I_--'2A = KME _
ZX"

This value is K M =
p2

However, with _ : 3.5 milliradians 3o- and P = 17.9 mi!liradians 30-,

the result is K M- 0.963 and "ka= 3.43 milliradians 30-. Since the
improvement i_ so small (3.43 _]h place of 3.5 milliradians), K_ is shown
here as unity for simplicity. Figure 3.3-1 shows the response'_or these
parameters.

Stability is not difficult to achieve. The block diagram shows that the
transfer function from the autopilot command signal to the thrust vector

angle ('K_) is approximately a constant at frequencies below the cut-off
frequency"of the autoptlot loop. Thus, the path guidance loop, because it

is slow compared with the autopilot loop, has a forward gain which is
essentially a constaht and a feedback gain which is essentially a single
integration.

The torque necessary to control the vehicle is derived from the midcourse
motor exhaust by jet vanes. Because the actual deflection of the thrust
vector relative to the roll reference line is difficult to measure, the
relationship between the jet vane angular position and the thrust vector
angular deflection is calibrated before flight and the jet vane position
signal is used as a measure of the thrust vector deflection.

The jet vane actuators are position servos with second order transfer
functions. (See figure 3.1-1).

measured _et vane angle
commande_i jet vane angle

a !
"'M

S +I

The vehicle gain K
thrust deflection, v

F L
CK :

v J
V

is the vehicle angular acceleration, A" per unit of
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a_ these _ains and tr_:,<ier f'.__._c_io'_sCombini1_g _1
control equation is"

0A KvK s (_FGS -I)

* 2T S *1

_N

the stabUAzation loop

3.4

The approximation of the _vro transfer function is used for simplicity.
In the study of system stability, the other terms are taken into account.

The value _)fK is a function of the h _"ve i,xe and motor parameters. The

values of q" p. aVnd Kq are chosen to _ive good damping and gain margin
with the patlT-guida_ce loop, open m,{d closed. The closed loop response

is of major in_portance, but the vehicle must not become unstable if the

path guidance loop opens.

The path-guidance loop has an unstabilizing effect on the autopilot. The
autopilot loop gain and time constant must be set in conjunction with the
path guidance loop gains to produce the optimum set of parameters. The
definition of optimum is determined by several factors: the system sta-
bility or damping, gain margins, sensor saturation limits, and of course,
the transverse velocity error introduced by nominal system errors. The

stability or damping criteria is that the low-frequency (path guidance)
roots have at least 0.5 damping ratio. The gain margins are such that an
increase of 6 db or a decrease of 12 db from the nominal gains will not
cuase instability. Transients resulting from ignition of the motor with
the worst combination of system errors do not cause saturation in the
gyro. The transverse velocity error does not exceed 0.3 feet/second and
is therefore compatible with the axial velocity resolution requirement.

Typical response of the complete autopilot pitch or yaw channel is shown
in fibre 3.3-1, It should be noted that the steady state value of the actual

thrust vector deflection )-_is equal to "6/x and not to p, which would be

the case without a path-guidance loop, (an_with K s large).

Roll Autoptlot Channel

The functional form of the ro_ autopilot cnann_-............snt,wz_ _, u_u_:_'.... _'-

form(figure 3.4-1) is identical with the inner loop of the pitch and yaw
channels. The roll channel has no path-guidance loop because a roll
angle does not affect the thrust vector direction. The criteria for choos-
ing the nominal loop gain and time constant are the same as for pitch or

yaw.

The only steady roll disturbance is a roll torque produced by the mid-
course motor. This torque shall not produce more than 20mr of steady
state roll angle,

The roll channel drives all four jet vanes to provide roll control torques.
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4.0 REQUIREMENTS ON PARAMETERS AND COMPON_ENTS

Before stating the requirements for parameters and components, the jet
wane identification and deflection definitions will be discussed and the
Glossary of Symbols included for reference.

Each jet vane is identified according to the axis on which it is located.
Thus, there is a positive X jet vane, a negative X jet vane, a positive Y
jet vane, and a negative Y jet vane. Positive deflection of the jet vanes
is defined as follows and illustrated iT1 figure 4.0-1.

Negative spacecraft pitch acceleration is produced by positive deflection

of tahe X jet vanes. Negative spacecraft yaw acceleration is produced by
positive deflection of the Y jet vanes. As a consequence of the above

definitions, positive spacecraft roll acceleration is produced by positive
deflection of the positive X and positive Y jet vanes and by negative
deflection of the negative X and negative Y jet vanes.

All component alignment tolerances, etc., are relative to the spacecraft

reference lines as defined in the Structural Functional Specification,
RL-4-520 and in sections 5.0 and 6.0 of the Attitude Control System
Functional Specification, RL-4-420.

All specifications must be met under all environmental conditions.

Specifications followed by the symbol " * " are not critical. If deviations

from non-critical specifications are desired, requests for changes must
be made known. Deviations from specifications must not be made without
notice. Tolerances not otherwise marked are maxim_-'-values.

9
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I I

f

+ Y_ ÷X

+Z

Figure 4.0-i. Jet Vane Deflections, Positive Definitions
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dot above

symbol

IRL

J
v

U =

F =

m =

Lc =

T =

T A =

T_ =

XA =

M =

N

?

0 A =

00

A A =

& =
M

£ A =

a v =

K =
V

K =
s

Kp =

N R =

K M =

"If G =

two dots =
above
symbol

Table I. G!o_sar> + ,_f Symbols

= differentiation with respecl to time (rate}

= inertial reference line

= vehicle moment of inertia

side velocity

motor thrust

vehicle mass

distance from CG _o cenler-of-_hrust

roll restoring torque from jet vanes

roll torque from motor and other misalig:m, ents

net roll torque applied to vehicle

actual angle from IRL to thrust vector

measured angle from IRL to thrust vector

second order "break" frequency of let vane
actuator loop

c.g. offset angle

guidance integrator null offset

angle from IRL to roll reference line

initial angle from IRL to roll reference line

actual angle from thrust vector to roll reference
line

measured angle from thrust vector to roll
reference line

thrust offset angle

vehicle linear deceleration

vehicle torque gain

stabilization loop gain

path- guidance-loop gain

roll channel jet vane torque gain

thrust angle mix gain

gyro-loop time constant

double differentiation with respect to time
(acceleration)

-I
(sec )

2
slug-ft
ft- lb- s e c

ft/sec

lb f

slug

feet

D. lbs

ft. lbs

ft. tbs

radian

radian

radian/sec

rad

rad

radian

tad

rad

rad

rad

ft/sec 2

rad/sec 2
---- J

r_u

tad
rad

rad/see
rad

ft. lbs/rad

tad / tad

sec

(see -21

I1
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_P

f
ro
"6A
ut
u 1

u 2

Table I. Glossar_/ of Symbols (Cont'd)

= integrator leakage time constant

= jet vane actuator loop damping ratio

= initial roll angle offset

= roll angle offset

= actual jet vane angle

= jet vane actuator output

= equivalent jet vane offset from measurement
error

s_c

rad/sec

rad

rad

rad

rad

rad

4.1 Spacecraft and Midcourse Motor Parameters

Quantity Nominal Value Tolerance

Thrust 50 tbs +5 percent

Distance from c.g. to 23 inches +5 Lnches *
center-of-lift of jet -1 inch

Moments of Inertia

Pitch Ixx slug Ft 2 +20 percent *

Yaw _ slug Ft 2 ±20 percent *

Roll Izz slug Ft 2 +20 percent *

-25 percent *

Midcourse Motor Calibration and Mounting Requirements

The pitch angle of the resultant thrust vector relative to the spacecraft
roll reference line must be determined as a function of the pitch angle of
the jet vanes to an accuracy of i3.5mr maximum error in the angle of
thrust vector. This must be done for yaw angles of the thrust vector of
-15mr, 0mr, and +15mr.

* Not critical.

. 12
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1!1. (t

10. I

APPENDIX A

SOURCES OF INFORMATION

The sources of information used in this specification are as follows:

J e t Pr opu Ision Laboratory

30331 Detail Specification, Vehicle System

Integration Requirements and Restraints

for Ranger Spacecraft RA-6 through
RA -9

Agena Study Ih.port (Classified)

Lockheed Missile Systems Division

6117A General Environment Specification for
Dis coverer, Midas, and Sentrv Pro-

grams

355991 Design Criteria, Qualification and
Accc-p_anco Test for Payload Packages

356765 SS 181 Flexible Flight Loads of Midas
Follow-on Vehicle and Booster Com-
l)ination

3622 ()1 SS 16 _ Vibration Data for Midas Follow-
on

445823 1),,sign Criteria, Qualification and
Acccq_a,,co Test for Payload Pact:ages

446128

447 004

Vchic!e 1()51 Flight "Ies_ Analysis

Vehicle 1007 Flight Test Analysis

447041 Vehicle 1007 Flight Test Analysis

•I ,4 '7 _) 3 SS !9fJ Vibration Data Analysis.
Discoverer

_41146 Preliminary Design Criteria, Qualifi-
cation and Acceptance Tests for NASA

Payload Packages, NASA Ranger

Convair Astronautics

AZS-55-007 Structural Design Criteria - Model 55

57-02400 Control Systems - Attitude, Missile
Borne, Specification

13
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Figure 3.10-I Coordinate Axes System
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3.8.2.3

3.8.3

3.8.4

3.9

3.10

Local Resonances

Structures supporting individual scientific instruments and el_ctronic
components have their own local resonances. Care should be taken

to see that the local resonances of the individual supporting structures
do not coincide with the vehicle resonances and that individual instru-

ments within close proximity of each other are different in resonance

frequencies. Loads resulting from local structural resonances are
in general included in table 3.8. I. 1-1, but the loads in supporting

structure should be verified by vibration test given in JPL Specifi-

cation 30232, or JPL Specification 30201, whichever is applicable.

Deflection Criteria

The dynamic envelope is given by the spacecraft envelope and inter-
face drawings in paragraph 2. I.

ao Ranger RA 6 through 9 - maximum allowable dynamic motion

under the structural vibration test given in JPL Specification
30232 is 2 inci_es peak-_,o-peak at the top of the omniantenna,
relative to Station 500, and 3.5 inches peak-to-peak motion of
the tips of the solar panels.

Midcourse Maneuver Frequencies

For the midcourse maneuver, all items different in configuration from
the boost phase, such as high gain antenna, solar panels, etc., shall
ha\o a na_:_:"a] fr_,qu(-,ncw above 1. 5 , _.

Fa_ig,a,. D. _sn

Att,.lltion _I_ail bc gi", ': _o ,n,, faQgut, consid,_ra_ions oudh-led in para-
graph 3.-I. "Fh_ sa_is:a,-'or) i,,_rforn:_a,,_c_ _ of" a struc_re through all of
the vibrate, on h,sts t)rescrib_,d i_l eith_:r ,IPI_ Spocification 30232 or .]t'L
Specification 3!_'201 _hal] _< rh_,,m<,d sufficicn', ,--',-i,]once of accet)tablc
fa_igu( s'_rt-ngth of the saacc;_raft cor_;iguration.

Weight

The weight for spacecrafts 6 through 9 and payload is maintained up to
d_to in the Reference Designation and Design Parameter Specification.

Coordinate Axes

The coordinate axis systom shown in figure 3. 10-1 is to be used for the
orientation of the strt_ctura! (_m_ponen:s.

Ii
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JPL Specification RL-4-540 for a de',roiledlist of components and

their respective temperature ranges.

3. 8 Design Factors

3.8.1

3.8.1.1

3.8.1.2

3.8.1.3

3.8.2

3.8.2.1

The following factors shall be used to design the Ranger spacecraft.

Weights (masses) used in design or analysis calculations for any structure
shall be based on the weight (mass) of the structure plus any additional

weight (mass) whose load may be transmitted through the structure.

Static Load Factors

The following load factors shall be used in the static design of the Ran-

ger spacecraft. Each load factor includes the maximum steady state
acceleration and an appropriate a_!owance for dynamics, based on the

design conditions given in paragraph 3.7.

Accelerations at Center of G raviU,

The load factors indicat(.d in tab}e 3. o"'. 1. 1-I arc: the accelerations a_

the spacecraft cemer of gravxty which are to be conmdered in the
various phases of f[ight from pre-tau, nch to post spacecraft separation.

Combination of Load Factors

The load factors in table 3.8. i. l-I shall be applied both alone and in

planar combination !n order to d_termine the most severe design con-
dition.

Combined Loads

The load factor estabiished in paragraph 3.8. 1. 1 is for maximum

steady opera_ion with appropriate a!l,)wance for dynamics. The loads
due to following design constraints shall be superimposed upon the
above load factors.

a. Paragraphs 3.7.2.5 and 3.7.3.4 - - thermal requirements

b. Paragraph 3.7.2,6 - pressure changes due to al_tude change

Dynamic Design Factors

The dynamic design of the Ranger spacecraft structure shall be based on

the following factors:

Rigidity Design of the Spacecraft

The rigidly, of the spacecraft shall be such that excessive deflections
do not result when the structure is subjected to structural vibration

test given in JPL Specification 30232.
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3.7.2.5

3.7.2.6

3.7.3

3.7.3.1

3.7.3.2

3.7.3.2.1

3.7.3.3

3.7. 3.4

T,: Jnp, ,ra_ure
........_ z ...........

Aerodynamic heating and solar radiation during the coasting orbit

may cause the external structure to reach a maximum telnperature
of 250°F. The maximum time duration at this temperature is I]2

hour. (Ref. JPL Specification RL-4-540s Temperature Control Sub-

system Functional Specification).

Pressure Changes

Consideration shall be given to the satisfactorT venting of each struc-

tural component dt_ring the pre-indection phase of flight in order to

prevent failure caused by ambiont pressure changes due to increase
in altitude. A structure wiflmut satisfactory vetoing must be designed

for an internal pressur _.

Posi Spac,._craft Separation

Th_ _ following load conditions existing a..-r spacecraft separatlon are
-t actc_a_t.consider_'d in tho <i,,sign o: Ranger _ .... c

Atlitude Control Load_

Loads irripost'd by _he attitudt, con_.roi aubsys_em are acceleration
rates about the three control axis of a nominal 2 x 10 -4 rad/sec 2.

(See J PL Specifi,_ations RA 345 -4 -4 30 and RL-4-420).

?,lid_.oursc M an(-_'.er

, ,_c mid_ourse IP, a,'lt-tl\'oF will r, ,uovo or reduce inj_,ction dispersion
•_-rrors. This is I(_ be, accomptish_d by using a liquid propellant

, ' :lg ir]e.

Thrus: \r c_or C¢,n_roi

Tllrust vector control will bc p:'ovided by four 3et vanes capabie of
maxmamn p1_ch and yaw restoring moments about *abe vehicle center

of gravity of 3.2 foot-pounds and a minimum roll moment of 0.1
foot-pounds. (See JPL Specifications RL-4-430 and RL-4-610).

Terminal Maneuver

The terminal maneuver is made so that the spacecraft roll axis will

be compatible with alignment of the primaEf TV camera axis before
impact with the moon. Loads irnparted to the spacecraft are the
._ame as _imse given in paragraph 3.7. 3. 1. (See JPL Specification
RL-4-440).

])_pl!{y,jia_ _A,-c

Afler inj,,_;ion, the expected tomperature environment is in the range
-Sf)°F to _-2()O_F. Some form of temperature control will be used for

tlhose compon,_nts unable to .otera_o this range of temperalure. See
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tation on H_e system test fixh'.re. The functioning equipment

on the Ranger spacecraft is to consist of the booms, parabolic

dish antenna and solar panels.

3. 7.2 Launch to Spacecraft Separation

3.7.2.1

3.7.2.2

The following load conditions existing from launch to spacecraft separa-

tion shall be considered in the design of Ranger spacecraft.

M aximum Longitudinal A cce le rations

The maximum longitudinal acceleration, determined by the mission

trajectory of the Ranger 6 - 9 spacecraft, is 7.0 g.

Vehicle Flight Maneuver Loads

Vehicle flight maneuver loads shall include loads resulting from pro-

grammed roll, programmed pitch, and vehicle correction resulting

from wind disturbance, booster jettisoning, fuel sloshing, etc.

3.7.2.2.1 Maximvm Pitch A_ t,[,-razaon

The maxlmum p_ch acceleration _o which the spacecraft is to be

exposed is 3.7 rad/sec 2 and _,ccurs a_ the termination of the second

Agena s_age of flight _i_e.n the Agena engine is gimballed hard-over.

This condition is concurr_nt with paragraph 3.7.2.2.3.

3.7.2.2.2 Maximum Roll Acceleration

The maximm_, r<_t_ a,_,, h:raliu, ",, which tht. spacecraft is _o be ex-
posed is 0.'2 rad/st:c 2. This w i!] t>ccur during the Agena phase of

flight w h_.n the roll (',mtrot _.'_s ar_ perating.

3.7.2.2.3 Maximum Lat(,rai Acc,-Ltra,_<m

Th_ _ maximum s,'_,adv-s,_a_,: 'mt,,ral at celt,ration of the spacecraft

center-of-gravity is evalualed at 0.5 g. This condilion is con-

c_rrent with paragraph 3.7.2, 2. l.

3.7.2. 3 Vibration Environments

The following are the expected flight structural vibration environ-

m_'nts existing at the spacecraft booster separation plane.

Longitudinal 0 - 1.5 g peak 2 250 cps

I_ateral _) - 0.5 g peak 2 - 250 cps

3.7.2.4 Se })_a_c£_t0}}_.j _oads

Separation loads (both static and elastic dynamic) include loads in-

duced in the spacecraft during the separations of the Atlas booster.

Atlas suszainer s_.age, spacecraft shroud, and the Agena stage.
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3.5 Temperature Consideration

Consideration shall be given to deterioration of material properties due

to prolonged temperature effects and to stresses and deformation caused

by transient temperature effects.

3.6 Rigidity

Rigidity shall be pro_-ided to permit accomplishment of all flight conditions
without structural deflections of a magnitude sufficient to jeopardize pro-

per functioning of the spacecraft or any component, thereof. The fulfill-

ment of the strength requirements under 3. 3 shall not be deemed suffi-

cient in themselves to satisfy this requirement.

3. 6. 1 Excessive Deflections

Deflections of a magnitude sufficient to jeopardize proper functioning
shall be considered excessive if they:

"a. Allow collisions between various spacecraft components

Do Allow collisions between the spacecraft envelope and any portion

of the spacecraft

3. 7 Design Conditions

The following en_ironments shall be considered in the structural design

of the Ranger spacecraft. Tho,qo conditions considered to be critical in
the structural design of the _pa_ ecrai_ ar_ presented in detail in paragraph

3.g. Any convict betw_ _- r,,quir,_,ments pr,-sented in this paragraph and

those in paragraph 3._ s,_alt,, decided i_ favor of those in paragraph 3.8.

3. 7. 1 Pre-launch

The following load conditions are pre._:ned to exist prior to launch and
shall be considered in the design of Ranger spacecraft.

3.7.1.1 Ground Handling and Transportation

Loads resul.ting from ground handling or transportation shall be such
"t2.__2_.
1.11111 L L_O*_Lsthat they do not exceed flight '_--'

3. 7. 1.2 Ground Tests

Loads resulting from ground testing or system testing are to be con-

sidered in the design of the Ranger spacecraft. These considerations

include:

a. In the System Test Fixture, the spacecraft is to be cantilevered

at Station 500, and it may be oriented to any positi_.

be The support structure is to be designed such that the space-

craft functioning equipment may operate in any" possible often-
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3.3.1

3.3.2

3.3.3

3.3.4

3.4

Yield Strength

The stress in any element of the structure, subjected to a yield design
load, shall not exceed the allowable yield stress. The entire struct_are

and components shall be capable of withstanding the yield design load

without permanent deformation.

Ultimate Strength

The stress in any element of the structure subjected to an ultimate
design load, shall not exceed the ultimate allowable stress. The entire
structure and components shall be capable of withstanding the ultimate
design load without failure.

Stress values

The allowable s_ress values used to substantiate the structural integrity

of the spacecraft shall be those from an approved publication such as:

a. MIL-HDBK-5 .St,",-n.. gill of M,-.tat, Aircraft Elements

Do Specifications of the JPL Materials and Process Group,
Section 35 3

Margins of Safety

Positive margins of safeD- shall be defined as the amount by which the
ratio of the allowable load and the design load of the member exceeds
the actual design load on flm met_b,.r. Margin of safety investigations
shall be considered at both vfl, ld and _ltimate load levels. Positive

margins of safeb" shall be calc:ulated in general as follows:

M° S. "=

Allowable load (or alimvable stress)

Design load (or design stress)

-1_0

Where stresses along more than one axis are involved, *d_e stress ratio

and margin of safe W calculations as presented in applicable document
MIL-HDBK-5 shall be used. A margin of safety may be demonstrated

by test instead of by analysis.

Fatigue Consideration

Special attention shall be given to the design of components in which

fatigue failure is a major consideration, such as vessels subjected to

repeated pressure cycles, and hard, are adjacent to severe vibration
sources. Caution shall be executed _o avoid residual stresses, stress

concentrazions and poor surface finishes and under all circumstances the

materials shall exhibit satisfactory fatigua characteristics.
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3 9 ,] 9
• --o _e --

3. 9_. 2.3

3.2.2.4

3.2.3

Itazard Criteria (gas w'sse!s pressurized near personnel)

kh'ssels shall be fabricated L,om an approved tough, d-_ctih,
material such as 6 AL 4 "*{*- ',_.__Al'llltlll, annealed

if). Limit load (pressure) must incbide the effects of temperature

increases which may OCC[IF I]t.aI" p_.rsonnei.

Ct The minim_im burst pressure shall be verified by at least three

(3) hydrostatic burst tests in which pressure-vohlme data is

obtained.

d. \lateriat properties shall b,. v,,rified and fabrication qua[i_" coa-

fro! sllalt be maintained b'-/ proc,,_iures designated in ,]PL Specifi-
cation -- _- " "3 tZU...

¥icid l),-sign Loads

'Fhc vi_'Id d_,._ign load ::''_a,., be id,-,t<.:'1_a.' to d_e desi., g.u load for J_e

I:iti_v_a/_:._ D,'_sig!: Load

['he :;itimat, d<,si_n l,_ad silati b_. t_c: _i,.sign load pa.dtip[icd by 1.25.

Transient l,oads

All ioads of t_'ansi_!_t aatu_-,, _ba,_ :,. ,,_ ..... ,_ ," .-' Thcv shall includ,_

' ' 4* *_- _ ' 4

loads _adtice<! i_v !he ' _ ....

Vibration Loads

The spacocraft_ in its entirety and :in ._*" basic assemblies shall be

d, signed and tested as rc.q_[r_l b> tbo '_1 pl_<a.>_e vibration raquir, .....

.,..-_<=nts of .1Pt. Specification 302 32.

3. 3 I).esJg.u S_r'e.qgth Criteria

k
4
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3.2

3.2.1

3.2.2

3.2.2.1

Report No.
364774-TXA 440

Siiroud/Spacecraft Thermal Relation-

ship TAD 11

Report No.
447172/62-91

Final Report of NASA TAD 002 Stud)-

Agena/Spacecraft/Shroud Separation

REQI.:I1REMENTS

General

The specifications, drawings, and publications Listed under paragraph
2. 1 are essential to the requirements of this specification since they
define, in themselves, ceria_in factors to be considered in the design of

the spacecraft.

Design Load Deiermination

Design loads for zh, _ Ranger spacecraft shall be based on the requirements
set forth in this specification.

Limit Loads

1Amit loads shall represent the maximu_m loads the structure is exp,c-
ted to experience under specified conditions of operation or use. All
loads and load factors used in this document shall be limit loads unless

otherwise, noted.

.D }_.s i_gn I !oads

A d,,:sign load sha[t bt, a limit b_ad n i,aitipEe'd.... by, tile approp!1_t_e""*- haza_'d
fa c to r.

tiazard Factors

The hazard factors to be _sed in ;die design of the spacecraft, or any

component, thereof, are presented in table 3.2.2.1-I.

Table 3.2.2.1-I

Item

All components except Pressure Vessels

Pressure vessels hazardous to personnel in
the event of failure

Pressure vessels non-hazardot_s io personnel
in the ew'nz of failure

Hazard Factor

1.0

1.76

i.0

3
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JET PROPULSION LABORATORY

Spe¢, N_ RL-4-510

15 January 1962

1.0

I.I

2.0

2.1

FUNCTIONA L SPE CIFICA TION

RANGER RA-6 THROUGH RA-9, MISSIONS P-53 TttROUGH P-56

STRUCTURAL DESIGN CRITERIA

SCOPE

Scope

This specification establishes the basic structural design factors for the
Ranger 6 through 9 spacecraft.

APPLICABLE DOCUMENTS

The following documents form a part of this specification:

SPECIFICATIONS

Jet Propulsion Laborator_r

30201

Ranger Spacecraft Design Specification
Book

En_Ironmenta! Specification, Ranger RA-1

through 1_.-5 FLight Equipment, Assembly
Level Type Approval and Unit Acceptm_ce
Test Requirements

JPL 14-072
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4.5

4.6

RL-4-460

,

Quantity

Path guidance loop
gain product K K

p v

Pitch and yaw axes

Nc,n_'inal Value Tole rance

1
0. 721 ±20 percent

Sec _-

4. Thrust angle mix gain K M

Pitch and yaw axes 1.0 ±20 percent

Gyro and Gyro Loop Specifications

These specifications are in addition to those listed in the attitude control
specification RL-4-420, section 5.3. Refer to figures 3. t-1 & 3.4-1.

2 seconds

2 seconds

2 seconds

53mr minimum

Tolerance

±15 percent

+15 percent

±15 percent

Tolerance

±lmr

Quantity Nora inal Value

I. Time constant 7" G/KG

Pitch axis

Yaw axis

Roll axis

2. Torquing amplifier

voltage saturation

Path Guidance Loop integratorSpecifications

Refer to figure 4-2.

Quantity Nominal Value

1. Time constant _"
P

2. Null offset _ 0

500 secs minimum

16



RL-4-460

4.3

4.3.1

4.3.2

4.3.3

4.4

Jet Vanes and Jet Vane Actuator i._o_ S_ccifications

Refer to figures 4-2 and 4-4.

Quantity

I. Second order closed loop

cut-off frequency U9 N"

2. Damping ratio f

Nominal Value

Rad
62.8 _ minimum

0.3 minimunl

Pitch, Yaw and Roll Moment Capabilities

The pitch and yaw restoring moment c,_mbility about the vehicle center

of gravity must be 3.2 ft-lbs minimum. Any combination of pitch and

yaw moments within the above capability must not reduce the net avail-

able roll moment capability below 0.1 ft-lbs.

Pitch, Yaw and Roll Torque Gain Lmearity

The incremental restoring moment versus vane deflection in pitch, yaw
and roll shall not vary by more than 30 percent of the zero torque value
of incremental restoring moment versus vane deflection for any combina-
tion of pitch, yaw or roll torques _ithin the capabilities listed in sec-
tion 5.3.1 above. The incremental restoring moment versus vane
deflection in pitch, yaw and roll shall not vary by more than 10 percent
of the zero torque value of the incremental restoring moment versus
vane deflection for any combination up to 1.6 ft-lb pitch and yaw and
0.05 ft-lb roll.

Jet Vane Cross Coupling

The cross coupling due to jet vane configuration or geometry shall be
such that there shall be no combination of restoring torques within the
maximum value on any two axes that will change the restoring torque

about the third axis by more than 10 percent of its maximum value.

Autopilot Overall Specifications

Quantity Nominal Value Tolerance

11

2a

AutopLlot loop gain

product K s K v

Pitch and yaw axes 3.03

Autopilot loop gain

product K R

Roll axis 0. 632

1
±20 percent

See _-

1
±20 percent

Sec 2-

15



RL-4-460

4.2.5 The location of the CG ha the midco_rse configuration must be deter-
mined to an accuracy of ±0.25 inch in X and Y coordinates and ±I inch

in Z coordinate. The location of the CG in the midcourse configuration

must take into account the location of on-board equipment such as arms,

booms, and the high gain antenna. For example, the high gain antenna
is 180 ° from the nested position. The mass at midcourse of on-board

equipment must also be taken into account. For example, the storage
battery does not have the same mass at mideourse as it has at launch.

4.2.6 The midcourse motor must be calibrated and mounted such that the X

and Y coordinates of the thrust vector, when it is parallel to the roll
reference line, is within a 3/16-inch square centered about the nominal
X and Y coordinates of the nominal CG of the midcourse configuration.

Plans of the

Spacecraft

Mounting Feet

.J

Pitch Reference Line

Roll Reference Line

/ /Yaw Reference

/ _/ Line

._Nozinal X & Y Coordinates of

Spacecraft c.g.

_-Thrus_ Vector must pass through t_his
square _hen it is parallel to the
roll refermuce line

4.2.7

4.2.8

Asymmetrical impingement of the exhaust gases on the spacecraft shall
not alter the direction of the net thrust vector by more than 0.5mr due

to the combined effects of forces on the impinged surfaces and warping
due to uneven heating.

The jet vanes axes must be aligned parallel to the pitch and yaw refer-
ence lines within 20mr.

14
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7 mr band of error-----

Jet Vane

Angle

4.2.2 The yaw angle of the resultant thrust vector must be calibrated in an
identical manner.

4:2.3 The roll torque must be calibrated versus the roll angle of the jet vanes
to a resolution of 0.02 ft-lbs.* This must be done for pitch and yaw
thrust vector angles = 0.

4.2.4 The Z coordinate of the line about which the resultant thrust vector

turns as the jet vanes are deflected must be determined with an accuracy
of +1 inch maximum.

Z Coordinate' of the line
of rotation of the thrust

vector must be determined

with an accuracy of _+ 1
inch ..mximum

\

i

Thrust vector with zero

jet vane deflection

Plane of the zidcourse

motor mounting p_ds\

Resuttanf'thrust vector, after

jet vane deflection

13
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+ PITCH

+X

÷ ROLL

+ YAW

+Y

®

/
I

F
/

+Z

Figure 4-2, Angle and Moment Definition
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_Y

BASIC BOLT CIR_

/
+X

ATTITUDE CONTROL

BOX MOUNTING

FACE

-X

D

both Y-Y and Z-Z.

ANTENNA

HINGE

Plane A is defined by Feet A0

C, and E.

Z-Z is defined normal to Plane A

and pierces A at the center of

the basic bolt circle.

Y-Y is defined parallel to both

Plane A and Plane S.

X-X is defined perpendicular to
f

/
l

/

I

FIGURE 4-1

STA. 500.00

-Z

C

+Z

AFT

\

SPACECRAFT COORDINATES

1 A SECONDARY

.005 in 20 REFERENCE PLANE

/



RL-4- 520

3.4.4

YZ plane after spacecraft separation.

The antenna nests aft of the spacecraft airframe inside the Agena

adapter. Its axis concides with the spacecraft's longitudinal axis.

During powered flight, this structure is constrained by snubbers.

Six are attached to the spaceframe and six are attached to the Agena

adapter. After spacecraft separation the adapter with its lower

snubbers is no longer present, so that the antenna can be rotated
without the use of disconnect devices. Snubbers attached to the

spaceframe shall be adjustable to allow for proper fitting.

Midcourse Propulsion Assembl__v

The midcourse propulsion system function is to remove or reduce
injection dispersion errors. The assembly is located in the center
of spaceframe such that the thrust axis of the propulsion assembly

lines up with the roll axis of the spaceframe.

4. DEFLNITION OF SPACECRAFT COORDLNATE SYSTEM

This section defines precisely the existing spacecraft coordinate

system to be used in all mounting and machining, all dimensions,

alignments, and tolerances referred to spacecraft coordinates.

The bases of this coordinate system are two planes. The primary
reference plane is defined by three of the six spacecraft mounting
feet, A, C, and E, as shown in fignJre 4-1. The secondary reference

plane is the mounting plane of the attitude control assembly machined
perpendicular to the primary reference plane within 0. 005"in 20".

The coordinate system consists of three mutually perpendicular
reference lines; the pitch (X), yaw (Y), and roll (Z) reference lines,
which form a conventional Cartesian coordinate system. The roll
reference line is defined normal to the primary reference plane with
+Z aft and it passes through the center of the basic bolt circle. The
yaw reference line is defined parallel to the secondary reference
plane with +Y opposite the directional antenna. The pitch reference

line is then defined such as to form a right hand system. The
reference lines intersect at the origin. The origin is located such
that the primary reference plane becomes station Z=500. These
definitions are shown in figure 4-1.

Positive pitch, yaw and roll angles and moments are defined as

clockwise when looking from the origin along the positive reference

lines. These are shown in figure 4-2.

This is a conventional right hand coordinate system in all respects.

3
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3.2 Assemblies

3.2.1 S_paceframe

3.2.2 Solar Panels

3.2.3 _tenna_ High Gain

3.2.4 Midcourse Propulsion Assembly

3.2.5 TV Subsystem Tower and Low-Gain Antenna

3.2.6 Science Sensors

3.3 Design Constraints

Design constraints are given in Functional Specification RL-4-511.

3.4 Description s

3.4. I Spaceframe

The spaceframe will serve as a communicating attitude controlled

platform in space for the purpose of conducting scientific experiments.

The spaceframe must house all attitude control systems, guidance

control systems, communications, telemetry, and power supplies to

perform this task. The above functions will be housed in six cases
which are attached to a hexagonal framework. A midcourse

propulsion system will be housed in the center of the hexagonal

framework. Solar panels will be attached to the framework to serve

as the power supply. A high gain antenna is also attached to the

spaceframe to provide the communications. The TV subsystem is

mounted on top of the spaceframe and will have the omniantenna

firmly attached at its apex.

3.4.2 Solar Panels

Spacecraft power w_l be supplied by two panels of approximately

ten square feet each. The panels, hinged at,the bottom, will be

supported in a near vertical position during powered flight to with-

folded outward into a horizontal position, locating the cells

approximately perpendicular to the sun's rays. The two panels are

placed diametrically opposite one another on two of the fiats of the

he×agonal spaceframe s_ructure.

An aciualor opens the solar panels into the XY plane, and locates
them norn_al to the roll axis.

.,._.3 :_nte_ma - }t[gh Gain

The high gain antenna consists of a four-foot diameter, parabolic
dish wi_h a . d I_a_,,J*_of 0.35. The antenna shall be hinged on one

_.xis _ p_ovide it with rotational movement of 180 degrees in the
2
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JET PROPULSION LABORATORY

Spec No. RL-4-520

15 January 1962

FUNCTIONAL SPECIFICATION

RANGER RA-6 (P-53) THROUGH RA-9 (P-56) SPACECRAFT

STRUCTURES SUBSYSTEM

1. SCOPE

This functional specification covers the basic design criteria for the Ranger
6 through 9 spacecraft structure.

2. APPLICABLE DOCUMENTS

2.1 The following documents apply to this specification:

S PE CIFIC ATIONS

Jet Propulsion Laborator_f

Ranger Spacecraft Design Specification Book
P53, 54, 55, and 56 (RA6 through RA9)

a RE QU IRE ME N TS

3. 1 The Ranger spacecraft structure shall be such that it will serve as a base for
communication, telemetry, attitude control, power supply, TVsubsystem and
scientific experiments and will also meet constraints set upon it by the
e×_tern_ dimensions of the At!as/Agena corfig_rations.

Page _ of 5
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JET PROPULSION LABORATORY
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30 November 1962

SUPERSEDES

RL-4-530

2 February 1962

FUNCTIONAL SPECIFICATION

RANGER P-53 (RA-6) Thru P-56 (RA-9) SPACECRAFT

PYROTECHNIC SUBSYSTEM

1,0

I.i

2.1

SCOPE

This functional specification covers the Squib Firing Assembly of the
extension system for Ranger Spacecraft RA-6 through RA-9.

APPLICABLE DOCUMENTS

The latest issues of the following documents form a part of this speci-
fication:

SPECIFICATIONS

Jet Propulsion Laboratory

Ranger Spacecraft Design Specification Book,
RA-6 Thru RA-9

_.

JPL 14-072
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!ii_'ii

3.2

3.2.1

3.2.2

DRAWINGS

Jet Propulsion Laboratory

D-121 752 Pyrotechnic Subsystem Block Diagram

J-317 2310 Squib Firing Assembly Schematic
Diagram

REQUIREMENTS

General

The initiation of the spacecraft pyrotechnic devices (squibs) is divided

into three time-separated events. At each event, one or more groups of

squibs are to be initiated. The squib firing assembly shall be capable of

receiving three similar control signals (one at each of three events) and

of switching sufficient electrical energy to reliably initiate the squibs

which are to be fired at that event. The squib firing assembly shall pre-

vent the occurrence of excessive power demands on the main spacecraft

battery due to a post-fire short condition in a squib, and provide a safe-
arm function for safety.

Power

Control power and squib initiation power shall be obtained from the main

spacecraft battery. The squib firing assembly shall require a voltage
between 23.5 and 20.0 volts (battery terminal voltage).

Control Power

Total control current required of the main battery shall be less than
0.25 ampere for less than 1.5 seconds for events 1 through 3.

Squib Initiation Power

The maximum power required for squib initiation shall be 25 amperes

at event 1, and 16 amperes at subsequent events.

Triggering

The control trigger required at each of the three events shall be supplied
by the central computer and sequencer (CC&S), or by the back-up timer

(Ranger 7 and subsequent) for SFA event 1 (Solar Panel Deployment).
The triggering at each event shall be accomplished by the closure of one
set of normally open contacts. DC voltage shall be obtained from the
main battery, routed from the squib firing assembly through the back-up
timer or CC&S contacts and upon contact closure, back to the squib firing
assembly. Current drawn through either set of contacts shall be less
than 0. 100 ampere per contact, with a rise rate of less than 50 ma]micro-
seconds, or less than 150 ma with a rise rate of less than 0.25 ma/micro-
seconds.

2
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3.4

3.5

Event 3 Actuating Time

For event 3 (midcourse motor shutoff}, the time period between the re-

ceipt of the CC&S command and the delivery of current to the squibs shall
be less than 10 milliseconds and repeatable within +5 milliseconds.

Cabling

Total loop resistance between the main spacecraft battery terminals and

the squib firing assembly shall be less than 0.06 ohm. Total loop resist-
ance between the squib firing assembly and any given squib location shall

be less than 0.25 ohm. Readily accessible connections to each squib
harness shall be provided for safety and continuity checking.

3.6 Redundancy

All actuation devices shall be supplied with two independent electrical
squib-initiation circuits. Redundancy shall start at the input of, and be
within the pyrotechnic subsystem.

3.7 Output

At a given event, each squib to be initated shall be supplied with not less
than 125 percent of the rated all-fire current value for a period of 0.85
±0.15 seconds, assuming the worst combination of conditions as defined

in this specification. This current shall be supplied to the remaining
squibs, even though one-third of the squibs have shorted. The current
delivered to each squib under nominal conditions shall be in the order of

1 45 percent of the rated all-fire current value, and shall be supplied for
0.85 +0.15 seconds. The loads seen by the squib firing assembly are
shown in Table I.

I:

i: ¸

3.9

Safe-Arm Function

The control voltage supplied to the CC&S and the back-up timer (RA-7
and subsequent), and the squib firing voltage shall be routed through

a safe-arm circuit within the squib firing assembly. This circuit shall be
armed by actuation of either of a pair of inertial switches: The arming
of the circuit shall occur when an acceleration of 4. 5e occurs for at least

3.4 seconds; the circuit shall not arm with less than 2. 5g applied indefin-
itely.

Weight

_3.10

The weight of the squib firing assembly shall be a minimum, not to ex-
ceed the allocation in the current issue of the Design Parameter and
Reference Designation Functional Specification, RL-4-120.

Telemetry

:i#: ii/

The squib initiation current shall be routed through the primary of a
toroidal transformer. The secondary of this transformer shall be routed
to the data encoder to give indication of current delivery at each of the
three events on binary channel B2(2) - code 1100.

3
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_3.11

The output of the SFA current-transformer secondary at each event shall
be a positive voltage pulse of from 7 to 11 volt peak amplitude with rise
time of less than 5.0 microseconds to 7 volts.

Spare Event

Circuitry shall be incorporated for an event which shall be considered as
a spare. This circuit shall be redundant, and shall be capable of momen-
tary 850 milliseconds or continuous output upon continuous command. No
provisions shall be made for delay after the receipt of a command, or for
relative delay between the actuation of the redundant channels.

Each redundant channel shall have a dual output. The value of the current
limiting resistors shall be compatible with squibs having an all-fire
current of 2.0 amp and bridgewire resistance of 1.5 ohms.

4
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FUNCTIONAL SPECIFICATION

SPACECRAFT RA 3, 4, AND 5 FLK_HT EQUIPMENT

PYROTECHNIC SUBSYSTEM

1.0 SCOPE

This functional specification covers the Squib Firing AssembLy of the
extension system for Ranger Spacecraft RA 3, 4, and 5.

APPLICABLE DOCUMENTS

The latest issues of the following documents form a part of this specLfi-
cation:

SPE CIFICATIONS

.T_÷ Pvopral=e!On T k,,-_._ 4- ,....... •.._a,.,v, a_oz_

Spacecraft Design Specification Book,
Ranger A3, A4, and A5

Page 1 of 5

JPL 14-072



! •

_L

RA 345-4-530 E

L

_i̧!:_

3.2

3.2.1

3.2.2

3.3

DRAWINGS

Jet Propulsion Laboratory

J 317 2298

C 121 267

Squib Firing Assembly Schematic
Diagram

Pyrotechnic Subsystem Block Diagram

REQUIREMENTS

General

The initiation of the spacecraft and capsule pyrotechnic devices (squibs)
is divided into seven time-separated events. At each event, one or more
groups of squibs are to be initiated. The squib firing assembly shah be
capable of receiving six similar control signals (one at each of six events)

and of switching sufficient electrical energy to reliably initiate the squibs
which are to be fired at that event. In addition, the squib firing assembly
will furnish a voltage for the occurrence of the seventh event which is
switched elsewhere. The squib firing assembly shall also prevent the
occurrence of excessive power demands on the main spacecraft battery
due to a post-fire short condition in a squib, and provide a safe-arm
function for safety.

Power

Control power and squib initiation power shall be obtained from the main

spacecraft battery. The squib firing assembly shall require a voltage

between 23. 5 and 20.0 volts (battery terminal voltage) and shall require
a maximum of 25 amperes.

Control Power

Total control current required of the main battery shall be less than
0.25 ampere for less than 1.5 seconds for events 1 through 4. For
event 5, the time shall be less than 2.8 minutes. For event 6, the time
shall be less than 1.7 minutes.

Squib Initiation Power

The maximum power required for squib initiation shall be 25 amperes
at event 1, and 16 amperes at subsequent events (see table I).

Triggering

The control trigger required at each of the first six events shall be
supplied by the central computer and sequencer (CC&S) (or by the com-

mand system for event 6). The triggering at each event shall be accom-
plished by the closure of one set of normally open contacts. DC voltage
shall be obtained from the main battery, routed from the squib firing

assembly to the contacts and upon contact closure, back to the squib firing

assembly. Current drawn through the contacts shall be less than

2
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3.3.1

3.3.2

3.4

0. 100 ampere per contact, with a rise rate of less than 50 ma/mtcro-
second, or less than 150 ma with a rise rate of less than 0.25 ma/micro-

second. The normallor closed (reset) contacts in the CC&S shall be tied
to the dc return supplied from the squib firing assembly (except for event

6). Event 6 may be initiated by the command system. The SFA shall be
capable of delivering sufficient current to actuate the thermal relays
associated with this event, with a minimum trigger-on time of 100 mLlli-
s e c onds.

Event 5 Dela_r

The CC&S command (SC-6) for event 5 will be delivered at C ÷ 21.5

minutes to C + 29 minutes. After receiving this command, the squib
firing assembly shall insert a 2. O + 0. 2 minute delay before delivering
initiation current to one squib on the vidicon cover latch and to both
squib actuated bolt cutters on the altimeter antenna deployment device.
The SFA shall insert a 2.5 ± 0.2 minute delay on the redundant timing
channel before delivering initiation current to the redundant squib on
the vidicon cover latch and to both squibs on the low-gain antenna
deployment latch.

Event 3 Actuatin_ Time

For event 3 (midcourse motor shutoff), the time period between the

receipt of the CC&S command and the delivery of current to the squibs
shall be less than 10 milliseconds and repeatable within + 5 milliseconds.

Cablin_

Total loop resistance between the main spacecraft battery terminals and

the squib firing assembly shall be less than 0.06 ohm. Total loop resis-
tance between the squib firing assembly and any given squib location shall
be less than 0.25 ohm. Readily accessible connections to each squib

harness shall be provided for safety and continuity checking.

3. 5 Redundanc_r

3.6

All actuation devices except the altimeter antenna bolt cutters and the
low-gain antenna latch shall be supplied with two independent electrical
_,._._.11_ .I,-_.I.Nn+'I^_ ,._.I._,-_1.1+,_ "0^,.1,,,._,_1_,._, _-,1-_11 ..I- .... and t.

within the pyrotechnic subsystem. For events 2 and 3 on RA 3 and RA 4,
where redundant squibs are not used, the redundancy within the squib

firing assembly shall terminate at the input to the current-limiting resis-
tor.

Output

At a given event, each squib to be initiated shall be supplied with not less
than 125 percent of the rated all-fire current value for a period of 0.85
+ 0.15 seconds, assuming the worst combination of conditions as defined
in this specification. This current shall be supplied to the remaining

squibs, even though one-third of the squibs have shorted. The current
delivered to each squib under nominal conditions shall be in the order of
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3.7

3.8

3.9

145 percent of the rated all-fire current value, and shall be supplied for

0.85 ±0.15 seconds. The loads seen by the squib firing assembly are
shown in Table I.

Safe-Arm Function

The control voltage supplied to the CC&S and the squib firing voltage
shall be routed through a safe-arm circuit within the squib firing
assembly. This circuit shall be armed by actuation of either of a pair
of inertia switches. The arming of the circuit shall occur when an
acceleration of 4.5 g occurs for 3.4 seconds or longer; the circuit shall
not arm with less than 2.5 g applied indefinitely.

The "safed" voltage shall be routed to the fusing switch in the altimeter
capsule system for the occurrence of event 7 and shall not be switched

by the squib firing assembly.

Weight

The weight of the squib firing assembly shall be a minimum, not to exceed
the allocation in the current issue of the Design Parameter Functional
Specification RA345 -5 - 120.

Telemetr_

The squib initiation current, including that supplied to the fusing switch,
shall be routed through the primary of a toroidal transformer. The

secondary of this transformer shall be routed to the data encoder to give
indication of current delivery at 1, 2, 3, 4, 5A, 5B, 6, and 7 (see
table I) on binary channel B2(2) - code 1100.

The output of the SFA current-transformer secondary at each event

shall be a positive voltage pulse of 7 to 11 volt peak amplitude with rise
time of less than 5 microseconds to 7 volts.

i!
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JET PROPULSION LABORATORY

Spec. No RL-4-540

8 January 1962

FUNCTIONAL SPECIFICATION

RANGER RA-6(P-53) THRU RA-9(P-56) SPACECRAFT FLIGHT EQ[gPMENT

TE%IPERATURE CONTROI. SUBSYSTEM

1.0 SCOPE

2.0

This specification covers the functional requirements for the Ranger 6
through 9 spacecraft Temperature Control Subsystem. Deftnitlon of the
subsystem and its boundaries is also presented.

DESCRIPTION

The temperature control subsystem for Ranger 6 through 9 is a passive
subsystem that will maintain the temperature of the spacecraft functional
components within the required limits as specified by the respective
component cognizant engineers. Passive temperature control is defined

as control without using moving parts or fluids. Control is achieved by
the proper selection of surface finishes and by controlling spacecraft

l_ltvl'ilai llvat transier capabilities, l nus, spacecraft 1ocai temperatures
are the composite result of solar energy absorption, energy absorption
from earth, radiation of energy into space, heat from internal power dis-
sipation, and heat transferred to or from other spacecraft components.

_ JPL 14-072
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3.0

3.1

Primary ,:_ pi_:_:_i_ _,'_a]] b_: _,_ ::-_,_ .,:.._on _._ : .... _.1 _,_rface treatments

and coattng._ riga, : _-1 _.'_,_dt_ i,,:'a.l equiHbriur_ :_-:lperatures within the
specified ranges duriu,_ ',._>rt_a] 5urn .-:tatAllzed filg_,:t attitude. In addition,
the local surface _r,:.,.t:_ .r_:._ _nci coatlngs should maintain the component

and instrument te_,per:<_.,r._,-: -_nd temperature gradients within required
limits for the durat!,.n ,;f :}:( .,,rtous transient conditions.

The following transient c,,nciJ ....._ ,a_ wlll be considered in the design of the
temperature control subsvste;_.-

a_ tteattng durfne the coantdown _'.,!th Agena shroud cooling, but ac-
counting for _hr'oud co,:_Hng fMlure and before power cut-off).

b. Radiant heat from aer,dvriat::i(_ _attng of th_ shroud.

C. Shroud-off a_rodyna_,i:_., hea+.!ng (ass_m_ing parking orbit >85
mlles_.

d. Shroud-off earth shado',_ cooling (assuming in earth's shadow
- 45, minutes;.

e. Parking orbit attitude in the sunlight (less than 30 minutes).

f. Random tumbling in the sunlight (less than 30 minutes).

g. Variations of the interm_l power dissipation (+10 watts).

h. Mtdcourse maneuver _any attitude up to one (1) hour).

i. Terminal maneuver: (1) Can_era positioning along velocity
vector

(2) Warm-up period
(3) Operation

REQUIREMENTS

General

Temperature control of the spacecraft requires a cognizance of thermal
design philosophy at all levels of system design, t. e. , component, sub .....

assembly, assembly-, and system. Therefore, certain req_ements
covered in this specification are pertinent to the packaging and grouping
of components and subassemblies and should be used as guidelines

wherever possible. Responsibility for the temperature control subsystem,
as defined in this specification, shall begin at the assembly level with the
specification of the exterior surface finish. Assembly specifications

shall accept all temperature control provisions external to the assembly
which are sufficient to mMntMn assembly surface temperatures within
specified limits.

{



3. 2 Tej}_jc,}'ratare C<??tr@

3.3

3.4

3.5

3.6

RI.-4- 540

The temperat,Jre ,-_on_r,')} =',_..... )_'.,'_tt_:_ shall maintain _i_esurface temperature

of all temperature _'_._,,,_,_+_ve ;'_--_},_menfs within a specified temperature
range over the intend,_d life of _Se component and under all anticipated
conditions of use.

The execution of temperature _'ontrol shall not require the use of circulat-
ing or statically contained fluids.

Electrical Power Dtssip_attor)

The electrical power diasipated in elf_ ctrontcs (or other) equipment attach-
ed to the "hex" struct,are shall be distr-!_;uted among the various boxes as

uniformly as practicable. Kurthermore, the electrical power dissipated
within each individual assembly shall be di._trtbuted within that assembly
as uniformly as practicable.

Conduction Paths

Good thermal conduction paths shall be provided betv_een subassemblies
and the assembly chassis (box}.

Component Surfaces

A specified surface finish or treatment may be required on all components
or assemblies which require temperature control.

3. 7 Surface Protection

3.8

3.9

In order to maintain the integrity of the surface finishes applied to the
various parts of the spacecraft, it will of necessity be the mutual respon-
stbtltty of the cognizant subsystem, system, and temperature control
respresentatlves to insure thai contamination and/or degradation of the
surfaces does not occur. Protection shall Include mechanical protection
and careful handling to avoid fingerprinting, oil contamination, and
abrasion.

Surface Cleaning

The surfaces snail be cleaned by the temperature 5ontroi engineer im-

mediately prior to flight, and before each space chamber temperature
test.

Temperature Limits

The maximum and minimum temperatures shown in table I are required,
as specified by the cognizant engineers, of each item.

3
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3.10 Sterilization

Surface finishes and all other temperature control techniques shall be

capable of withst_ndlng 125°C. stabilized for 24 hours and ethylene
oxide - freon gassing for a m!rdmum of 10 hours without thermal con-
trolling degradation.

:_i̧ •
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a. Cases I, II, III and V

b. Case IV

c. Case VI

d. Earth Sensor

e. Sun Sensors - Prhnary

f. Sun Sensors - Secondary

g. Solar Panels

h. Attitude Control Jets,

Regulator, and Tubing

i. Omni-Antenna

j. Dosimeters

k. Ion Chamber

1. Getger Tubes

m. Spacecraft Structure

ra Earth Sensor Gear Box

o. Midcourse Propulsion System

p. Attitude Control Gas Supply

q. Ranging Experiment

RL-4- 540

O eratin Tern erature....P _¢.... . P__

0 ° to 70°C

13" to 46°C

I0 ° to 55°C

-i0 ° to 38"C

13" to 46"C

-75" to +75°C

-75" to 125°C

5" to 70°C

-I00 ° to 200°C

-I0 ° to lO0*C

O" to 70°C

0 ° to 70°C

-75 ° to +120"C

-24" to +125°C

+2 ° to +52°C

+5" to 35°C

+0 ° to 70°C

?:,,:
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JET PROPULSION LABORATORY

Spec. No. RL-4-610 A

20 March 1962

S U.P ERSIi?DES:

RL-4-610

5 December 1961

Indicates Chang_ e

P-53 (RA-6) I ItRL tGtt 1'-56 (HA -_-) SI'ACECRAKT -

FUNCT!('_NAt. S} __(..I a ICAI i()N

MI[)C()_.IISI g }_II()PI-!SI()N SYSTI:]M

1. 0 SCOI_E

2.0

_2.1

T},ls functional ._;pe0!ficat!or_ covers the design requirt--ments, sv._em

description, and trfflight opera¢ion of the _ntdcourse propulsion system for
tl,,e RA-6, 7, 8, and _ spacecrMt. This -pec!ftcati,:_n relates to ,other
spacecrM_, svstet:?s oniy to _.he ex+ent of de+_ailb,.g the ft;ncttons which the

n_tdcourse propulsion system ,,nu_t perform in c.o'.tjunct!on with other space-
craft systems.

APPt_ICABLE 17R)CU MEN. "'F,_S

The following documents form a part of this specification:

SPECIF1CATIt) NS

,let Propulsion I,aboratorv

Spacecraft Design Apectficatfon Book,
RA6 through RA9

Poge l o_ 7
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3.2

D]_ ,\ \_ I N( ;S

Jet I'ropuision I.aboratorv
............ ----4- ........................ ae'

J 315 1744 S_ructure, .,tzdcourse lq_'opuision Unit,
InstallaTion

D 31.5 7300

RFQ T"IR K 7_,.1ENTS

7'didcourse Propulsion Sys_,ern,
3,!onopropellant- Hvdrazine, Schen_atic

( 50- po_ind .'..t_rusl )

General

The midcourse proi,ulsic_:_ ,;,..,t*:_: fvanutio_: i>" zo remc, ve or reduce injec-
li(.m dis t),,,'-i,qn.... (_rror,<.. At _i),- ti.a'_" of ,,_-.,..... ,_idc(.ml'se ._.Yi&llOUV,.2r (!6 or

40 }_ours after launch. {h,..-,_p,,:'c,_ :7.ff_ i-- ,!J_._(-!_,d to tu,m to a prescribed

position in >lJa,.c whcrveul)o,,_ t.}_, ::.ickr,,a's,. propul_;i-)n _vstu,,n illlpaI'tS a
COFFC'ctiv_ im pul._:,.

pc_ r,, c-nt..-

The following duMgn ...."e',tal",".... -_ _,'""_,,.. :o:'° ihe :n._ ct_-':,_rse propulsion, svs:em
are a result o:'" s pavv*c:_"_e_ p!:; -:{:'at and operatio.,_al z'estrain!s. ,4,_ena" in-

jec'_ion r.mid > nc,: F_(:curacies. ,._:-xl ,ground :_mi i_ffligkl en_ ir'ow::_c nt co;_di-
tion>:.

a. Til,.. "dnit will hay,- t}_,_. , ..,p_d_iiitv (by vir_uv of _hc _mopcllan/ tank size)

()f i_i_F'& "'+_'_r_,_ ,_,._ P, _-'t_t)v'l_; "*_," !:i('r(:'I1._IlI" ()1 "I,. l"t!_t 200 t'_'tJi pt,'l." SC('_)Itd to _it

¢+77.'-, poll!td SDg)!"(e( F-7 :.

b° The unil _rus" t)_ , :_.pab]< of ',g_-"-_ta!., ,.'p.viro.m-_ cn_ s__or:_gc, in excess of
50 t tour.<..

,-. The uni_ ,._.usl ignite and opera,_, in a hard va..._'vau_, e_.wiFonm_'_lt.

d. Ti_e unit ::,,u.s_ u_d_.rgo ignition and ,)pcrc_te in a gravitationless
environn:e m.

e° The propuisicm ..-,-.,.-,_...................,_,_,:_:be c,._,pable. . of one ignition and one ter-
m i na/io n.

f° The ro_'_et(' engim, _;o:_:_naJ *}mus;. sk a,t' be 5.0 pounds (vacuum} and
shall be predictable to ,,_ i_:{n _ 5 percent.

g. The propulsion svsten', shall be ,"apab!e of operating between +35"14`
and 125°F. lfowevcr, _,_ is desired that the-. _.c_nperature environn_,ent
after the vei_i --__' is full',' as_embl_::d and during the latmch coumdown

be p.',.aintr'ined such that ,,he mini_'nun_ prop_.llanl tempt.rature shall

not go below 65°I :. l'hi_ _'(:quirem,:n,. is lleCessitttt,L'd by the present
uncertainty in the i_fflig!at _paceer:fft t_m_pc'raturc environ_:_en_. This

uncertainty n:i_ht result in a propulsion s2;st,_m t,:.mp<rature below
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h. The spacecraft shall be cssen._iallv s.'._.ioo.arv in attitude (not spin-
ning).

The volume within -*i_e spacecraf, available "_o tile propulsion system
consists of the volume _ -- :-,)ounde-d on ti,c sides by tb.e i:Y.ernal hexagonal

structure supporting the electronic chassis; on the top by the upper

surface of the hexagonal compartn_en,4 and on the bottom by an
imaginary plane several inches below the lower surface of the hex-

agonal compartment consistent with the closed position of the antenna.

jo The tiirust axis of the rocket motor _,.ust nominally coincide with the
" _spacecraft roll referent.:, line ami be lat_._ratly adjusta),e upon

assembly within a tv, o-_m'h diamett;r circle abc)ut lids reference line.

ko The effective thrust v_,c.tor shall be ,[-medic:"ble_...... to , _,.!un;"" a _,. I de£-rcu_

angmlar dtsplacem+°nl :_.>-,,. ] lg-inch la*eral offset o_ the g,_:c_::ielrical
too!or c.en_.e riinc.

lo Thrus_. v,._c.tor ,'oi;cro! _},all be pr'o\ided by f_mr (4) {e{ vane_ capable

of a _axirnurn pi+eh :i-'.-_i ",a'_ l"t_StoI"i!lg _.':otl',.erl! ._bocll tile ve'nicte cen-
l_.r of gr:lvitv _Ttf [{. 9 +,m_1-,'}o,llldS :t_ _ :_ _',.illillturl, Foil t_._(J_<_ent of 0. t

.... y ..... a

fo ot- Dou nd s.

SYST12 AI I)t':SC RI PTI( iX

A schematic of the ll_.ic!courst propulsion svs,,na is shown in fif_ire 1.

The system utilizer.< a liquid mopopropetlant, :_nhvdrous hydrazine, as the

propellant. I! i._ fu*._cti<mal!v a re_:l_ted-eas-t)ressure-fed-constant-

thrust rocket. I',_'incipal ,_csten-: co_po,qent.q consist of a high-pressure
gas reservoir, a <,.as pressure re_mlal,-,r, <_ propellant _.a.nk, and a rocket

engine. The rocket e_:gJ.,.le contains a q,_anlit\ of calalys_ to accelerate

ti_e tier'on,position of hyd:'_,'in,:,, t<xp]osive!y actuated valves are used

throughout /h+, s\stcn_. N,.,r's:_a!ly closed explosively actuated valves are

activated to initiate nitrogen pressurization of the propellant tank, to

initiate propellam flow to the rocket enKine, and to release nitrogen

letroxide fron_ +,he en_ne ignition cartridge. Xormallv open explosively
actuated valw,s are activated to terminate nitrogen pressurization of the

pro c_eltant tank and propellant flow to ti_e rocket engine. Dual bridge
wire pyrotechnics will be used in each explosively aclunted valve for the

purpose of attaining a higher degree of reliability.

:Fhe design and operational philosophy of die system represented in fibre

1. is directed toward maximizing system reliability and reproducibility,

minimizing preflight hanciiing and ,spac,:craf*. h_terac_ions, r:_inin-,ization

of ire'light ,:]ectrical signals, and minindz.:_tion of sys',em components.
In order to avoid o'-,.,.._t_ctrical or mechanical s_..quencing, the propellant tank

is prc.pressuriz,:d with nitrogen during the pr,.-flight operation so that engine
ignition and regulg_tcd nitrog(en pressurization of the propellant tank can

occur simu!taneo,:_iv throuah one signal from _.he CCg_S. Similarly, only

one signal is nc'c_,,-_sar}, , for _hrust t_-'rminatio:_.; therefore, a toial of two
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(2) sigp.als are required by the z:_idcourse propulsion svs,,cm for impuise
initiation and termination.

A nominal engim: performance sum[r_ary is ._iven in t.able I, and ,nominal
system pressures and temperatures are shown in _ables II and iti.
respectively.

5. 0 INFLIGItT OPERATION

The firing of the rnidcourse propulsion system is controlled by the CC&S
which receives the time, direction, and magnitude of the midcourse
firing through the ground communication link. After the spacecraft has
assumed the correct firing attitude {maneuver being executed at either
16 or 40 hours after launch), the midcourse propulsion sys_.em is ignited
(at the prescribed time} through an electrical signal from the spacecraft's
squib firing assembly, which has been initiated by the CC&S. Inasmuch
as the propellant tank is pr,,pressurized, the rocket engine ignition can

oc,-ur concomitantly w it}_ the rvlease of the high pressure nitrogen to the
regulator without allowing _i_ne for the propellant tank pressures to
build up to the normal opera*the level. Thrus* termination is controlled

by the CC&S via an electrical si_'ml t}_rou_,h +b,e sq_:ib firing assembly
once the specified veloei,.v inc-'_-:nent _as t>ee_ realized as computed bv the
spacecraft integrating aeceh-co_:_vter, l)uring t._m rocket engine firing,
spacecraft attitude is n:ai.ntained by the >.utopilot-controlled jet vane
actuators.

The specific sequence of events for the propulsion system subsequent to

spacecraft orientation and up to t}_rust terL_;ination are as follows:

At the con_mand signal froq_ _he CC&S and squib firine.assemblv to

the rocket, normally closed explosive valves v_ ' :':ignite
and @ are activa_.ed altoaing r_,gulated nitrogen pressurization of

t!_ _ propellant tank, prope!iant flow to tile rocket engdne, and injec-
tion of a small quantity of ,i -- ,.,. _..I_ o_c._ tetroxide to the rocke_ engine
('_- Refer to figure 1).

b° Ilyperbolic ignition ensue.<, followed by cominuous catalytic mono-

propellant, decomposition uf the anhydrous hydrazine.

C° At the comn',and signal frm'n the CC&$ and squib firing assembly to

ter_inateer, ecket thrust, normally open explosively actuated valves

IgJ_and .t(¢9i211are.- actl; a +_,e_'_,*orn_nating.___.i , .:.propellant flow' to the rocket
engine and positively isolating _t_e remaining pressure in the nitrogen
sphere from the propellant tank.

4
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TABLE I

NOMINAL ENGINE PERFORMANCE

SU M MARY

(WITHOUT JET VANES)

Vacuum Specific Imputse, Isvac

Vacuum Thrust, Fva c

Propeiian_ Flow Rate,

Characteristic Velocity, c*

Vacuum Thrust Coefficit-nt, C V
va_l

Chamber Stagnation Pressure, Pc

Throat Area, A t

Expansion Ratio, ,

Specific Heat Ratio,

230 pounds-second
pound

5(1. f} pounds

0.217 pounds per second

4250 feet per second

1. 741

i _l. 5 psia

0, 15 square inch

44

1.27

5
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TABI.E II

NO_MINAI. SYSTEM PRESSURES

Nitrogen Reservoir,

Nitrogen Reservoir,
run)

t'ropellant ]'ank,

Propelt ant Tank,

N2() 4 Ignition Cactridge,

N204 Ignition Cartridge,

Clean,her Pressure,

I T E M

at Ignition

at Termination (,'naxi_nun: duration

Preprcssurization

( )peratin_

at Ignition

at Tern:ina:_:on

Ave r age

NOMINAL PRESSURE,

PSIA

3.000

500

275

320

350

210

200

: Represent.< stagnation pressure at :: :dpoim of .:}:rust chamber and catalyst bed.

"FABI.E III

NOMINAI, SYSTEM TEMPERATLRES

Nitrogen Reservoir,

Nitrogen Reservoir,
run}

Propellant Tank

Tqr_1

NO MI NAI. T E M PERATURE

o

F

Thrust Chamber Wall

at Ignition

at Termination (maxirnun: duration

70

-40

70

1800-1900
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